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Japanese Unexamined Patent Application Publication No. 2000- 
348309 

[0056] 

[Embodiments] Embodiments of the spin-valve thin film 
magnetic element according to the present invention will be 
described in detail hereinafter with reference to drawings. 

[Fist Embodiment] Fig. 1 is a cross section showing the 
structure of the spin-valve thin film magnetic element 
viewed from the surface side facing the recording medium. 
Figs. 6 and 7 show a thin film magnetic head comprising the 
spin-valve thin film magnetic element according to the 
present invention. Shield layers separated by gap layers 
are formed on and under the spin-valve thin film magnetic 
element, respectively, and a playback GMR head hi is 
composed of the spin-valve thin film magnetic element, the 
gap layers and the shield layers. A recording inductive 
head h2 may be laminated on the playback GMR head. 

[0057] The GNR head hi comprising the spin-valve thin 
film magnetic element is provided at the trailing side 15 Id 
end portion of the slider 151 together with the inductive 
head h2 as shown in Fig. 6 to form a thin film magnetic head 
150, enabling a recording magnetic field from a magnetic 
recording medium such as a hard disk device to be sensed. 
In Fig. 1, the magnetic recording medium moves toward the Z- 
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direction , and the leak magnetic field from the magnetic 
recording medium is directed in the Y-direction. 

[0058] The thin film magnetic head 150 shown in Fig. 6 
is mainly composed of a slider 151, and the GMR head hi and 
inductive head h2 provided on the end face 15 Id of the 
slider 151. The reference numeral 155 denotes a leading 
side at the upstream side of in the travel direction of the 
magnetic recording medium of the slider 151, and the 
reference numeral 156 denotes the trailing side. Rails 151a, 
151a and 151b are formed on the surface 152 of the slider 
151 facing the magnetic medium, and air groups 151c and 151c 
are formed between the rails . 

[0059] As shown in Fig. 7, the GMR head hi comprises a 
lower shield layer 163 made of a magnetic alloy and formed 
on the end face 151d of the slider 151, a gap layer 164 
laminated on the lower shield layer 163, a spin-valve thin 
film magnetic element 1 exposed on the surface 152 facing 
the magnetic recording medium, an upper gap layer 166 
covering the spin-valve thin film magnetic element 1 and 
lower gap layer 164, and an upper shield layer 167 covering 
the upper gap layer 166. The upper shield layer 167 is also 
used as a lower core layer of the inductive head h2. 

[0060] The inductive head h2 is composed of the lower 
shield layer 167, a gap layer 174 laminated on the upper 
shield layer 167, coils 176, upper insulation layers 177 



covering the coils 17 6 , and an upper core layer 178 bonded 
to the gap layer 174 and bonded to the lower core layer 167 
at the coil 176 side. The coil 176 is patterned to form a 
planar spiral. The base 178b of the upper core layer 178 is 
magnetically coupled with the lower core layer 167 at almost 
the center of the coil 176. A protective layer 179 
comprising alumina is laminated on the upper core layer 178. 

[0061] The spin-valve thin film magnetic element 1 
shown in Fig. 1 is a so-called bottom type single spin-valve 
thin film magnetic element in which one layer each of the 
ant if erromagnetic layer , pinned magnetic layer, non-magnetic 
conductive layer and free magnetic layer are formed. The 
magnetization direction of the free magnetic layer is 
aligned in the direction intersecting the magnetization 
direction of the pinned magnetic layer by an exchange bias 
method in the spin-valve thin film magnetic element in this 
embodiment. The exchange bias method is suitable for the 
spin-valve thin film magnetic element having a narrow track 
width corresponding to high density recording, as compared 
with a hard bias method by which control of the effective 
track width is difficult due to the presence of dead zones. 

[0062] The mark K in Fig. 1 represents a substrate. An 
insulation underlayer 200 made of Al 2 0 3/ a lower shield layer 
163, a lower gap layer 164 and an antif erromagnetic layer 2 
are formed on the substrate K. A pinned magnetic layer 3 is 
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formed on the antif erromagnetic layer 2, a non-magnetic 
conductive layer 4 i is formed on the pinned magnetic layer 3, 
and a free magnetic layer 5 is formed on the non-magnetic 
conductive layer 4 . The free magnetic layer 5 has a groove 
portion 5B comprising a track groove 5A having the same 
width as the rack width Tw formed on the surface facing the 
surface on which the pinned magnetic layer 3 is disposed, 
and flat portions 5C, 5C at both sides of the groove. The 
bias layers 6, 6 are provided on the flat portions 5C, 5C of 
the free magnetic layer 5, and conductive layers 8, 8 are 
formed on the bias layers 6, 6. 

[0063] The substrate K is formed of a non-magnetic 
material such as a Al 2 0 3 -TiC based ceramic. 

[0064] The antif erromagnetic layer 2 comprises an alloy 
containing Mn and at least one or plural elements of Pt, Pd, 
Ir, Rh, Ru, Ir, Os, Au, Ag, Cr, Ni, Ne, Ar, Xe and Cr. The 
antif erromagnetic layer 2 is featured in its heat resistance 
and corrosion resistance. 

[0065] Preferably, the antif erromagnetic layer 2 is in 
particular formed of an alloy represented by the following 
composition formula: 
X^n 100Hn 

wherein X is at least one element of Pt, Pd, Ir, Rh, Ru and 
Os, and m representing the composition ratio is within the 
range of 48 at% £ m =s 60 at%. More preferably, the 
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composition ratio m is within the range of 48 at% £ m «s 58 
at%. 

[0066] Alternatively, the antif erromagnetic layer 2 may 
be formed of an alloy represented by the following 
composition formula: 
Pt^n 100 ^. n Z n 

wherein Z is at least one or plural elements of Pd, Ir, Rh, 
Ru and Os, and m and n representing the composition ratios 
are within the ranges of 48 at% <> m <> 60 at% and 0.2 at% <> n 
<, 40 at%. More preferably , the composition ratios m and n 
are within the ranges of 48 at% <, m + n s 58 at% and 0.2 at% 
n <; 40 at%. 

[0067] The antif erromagnetic layer 2 may be also formed 
of an alloy represented by the following composition 
formula: 

PtgMn^^Lj 

wherein L is at least one or plural elements of Au, Ag, Cr, 
Ni, Ne, Ar, Xe and Kr, and q and j representing the 
composition ratios are within the ranges of 48 at% <s q + j =s 
60 at% and 0.2 at% <, j <> 10 at%. More preferably , the 
composition ratios q and j. are within the ranges of 48 at% ^ 
q + j <; 58 at% and 0.2 at% <; j <; 10 at%. 

[0068] The pinned magnetic layer 3 is formed of, for 
example, a Co film, a Ni-Fe alloy, a Co-Ni-Fe alloy, a Co-Fe 
alloy and a Co-Ni alloy. The pinned magnetic layer 3 shown 
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in Fig. 1 is formed in contact with the ant if erromagnetic 
layer 2, and is magnetized by the exchange anisotropic 
magnetic field due to exchange coupling generated at the 
interface between the pinned magnetic layer 3 and 
antif erromagnetic layer 2 by applying a heat treatment in a 
magnetic field. The magnetization direction of the pinned 
magnetic layer 3 is fixed in the Y-direction, or in the 
direction (height direction) departing from the recording 
medium. 

[0069] The non-magnetic conductive layer is preferably 
formed of a non-magnetic conductive film such as a Cu film. 

[0070] The free magnetic layer 5 is preferably formed 
of the same material as forming the pinned magnetic layer 3. 
The free magnetic layer 5 is magnetized by the bias magnetic 
field from the bias layer 6, and its magnetization direction 
is aligned in the opposite direction to the XI direction, or 
in the direction intersecting the magnetization direction of 
the pinned magnetic layer 3. Barkhausen noises are 
prevented from generating by putting the free magnetic layer 
5 into a single magnetic domain state by coupling with the 
bias layer 6. 

[0071] The bias layer 6 comprises an alloy containing 
Mn, and at least one or plural elements of Pt, Pd, Ir, Rh, 
Ru, Os, Au, Ag, Cr, Ni, Ne, Ar, Xe and Kr, and magnetizes 
the free magnetic layer 5 in a given direction by allowing 



an exchange anisotropic magnetic field to generate at the 
interface between the free magnetic layer 5 and the bias 
layer by heat-treating in a magnetic field. The bias layer 
6 comprising these alloys is featured in its heat resistance 
and corrosion resistance. 

[007 2] Preferably , the bias layer 6 is in particular 
formed of an alloy represented by the following formula: 

wherein X is at least one element of Pt, Pd, Ir, Rh, Ru and 
Os, and m representing the composition ratio is in the range 
of 52 at% <; m <; 60 at%. 

[0073] The bias layer 6 may be formed of an alloy 
represented by the following composition formula: 

wherein Z is at least one or plural elements of Pd, Ir, Rh, 
Ru, Os, Au, Ag, Cr and Ni, and m and n representing the 
composition ratios are in the ranges of 52 at% ^ m + n <; 60 
at% and 0.2 <; n <; 10 at%. 

[0074] The bias layer may be formed of an alloy 
represented by the following composition formula: 
PtqMn^^Lj 

wherein L is at least one or plural elements of Au, Ag, Cr, 
Ni, Ne, Ar, Xe and Kr, and g and j representing the 
composition ratios are in the ranges of 52 at% =s q + j £ 60 
at% and 0.2 <, j ss 10 at%. 



[0075] The conductive layers are preferably formed of, 
for example, Au, W, Cr and Ta. 

[0076] A constant current flows from the conductive 
layers 8, 8 through the free magnetic layer 5, non-magnetic 
conductive layer 4 and pinned magnetic layer 3 . The 
magnetization direction of the free magnetic layer 5 changes 
from the opposite direction to the X-direction to the Y- 
direction, when a leak magnetic field is applied in the Y- 
direction from the magnetic recording medium running in the 
Z-direction. Electric resistance changes depending on the 
relation between variation of the magnetization direction in 
the free magnetic layer 5 and the magnetization direction of 
the pinned magnetic layer 3, and the leak magnetic field 
from the magnetic recording medium is sensed by voltage 
changes based on the resistance changes. 

[0077] The method for manufacturing the spin-valve thin 
film magnetic element according to the present invention 
will be described hereinafter. This manufacturing method 
takes advantage of the differences of the magnitudes of the 
exchange anisotropic magnetic field at the antif erromagnetic 
layer 2 and at each of the bias layers 6, 6 generated by 
applying a heat treatment, depending on the locations of the 
bias layers 6, 6 in the spin-valve thin film magnetic 
element 1. The magnetizaticm direction of the pinned 
magnetic layer 3 is fixed by the first heat treatment, and 
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the magnetization direction of the free magnetic layer 5 is 
aligned by the second heat treatment. 

[007 8] The antiferromagnetic layer 2, pinned magnetic 
layer 3, non-magnetic conductive layer 4, free magnetic 
layer 5 and bias layer 6 are sequentially formed on the 
substrate K to from the laminated body al shown in Fig, 2 in 
the method for manufacturing the spin-valve type thin film 
magnetic element according to the present invention. The 
laminated body al is heat treated at the first heat 
treatment temperature while applying a first magnetic field 
in the direction intersecting the track width Tw direction. 
Consequently , the magnetization directions of the pinned 
magnetic layer 3 and free magnetic layer 5 are fixed in the 
same direction with each other by generating exchange 
anisotropic magnetic fields on the antiferromagnetic layer 2 
and bias layer 6. In addition, the magnitude of the 
exchange anisotropic magnetic field on the antiferromagnetic 
layer 2 is made to be larger than the magnitude of the 
exchange anisotropic magnetic field on the bias layer 6. 

[007 9] Subsequently, the laminated body al is heat 
treated at a second heat treatment temperature higher than 
the first heat treatment temperature while applying a second 
magnetic field having a magnitude larger than the magnitude 
of the exchange anisotropic magnetic field of the bias layer 
6 and smaller than the magnitude of the exchange anisotropic 



magnetic field of the antif erromagnetic layer 2. A bias 
magnetic field is simultaneously applied to the free 
magnetic layer 5 in a direction intersecting the 
magnetization direction of the pinned magnetic layer 3. 

[0080] Subsequently, a mask 250 of a resist is formed 
with a window having a width almost equal to the track width 
Tw open on the heat-treated laminated body al as shown in 
Fig. 3. Then, a recess 6A having a width almost equal to 
the track width Tw is formed by removing a part of the bias 
layer 6 by ion-milling as shown in Fig. 4. A track groove 
5A is simultaneously formed on the free magnetic layer 5 
located under the recess 6A, and the resist mask 250 is 
removed . 

[0081] The track groove 5A is preferably formed to have 
the same with as the track width Tw. The track groove 5A is 
preferably formed with a depth 5H of about 10 to 50A. A 
depth 5H of the track groove 5A of less than 10A is not 
preferable because all the portion of the bias layer 6 to be 
removed is not removed when, for example, the thickness of 
the bias layer 6 is not uniform, and a part of the bias 
layer 6 is left behind on the bottom portion 5D of the track 
groove 5A. A depth 5H of the track groove 5A of exceeding 
50A is also not preferable because the thickness of the free 
magnetic layer 5 becomes irregular due to uneven etching 
depth by ion-milling. 



[0082] Subsequently, a lift-off resist 251 is formed so 
as to ride over the recess 6A, track groove 5A and a part of 
the flat portion of the bias layer 6 as shown in Fig. 5. 
Then, conductive layers 8a are formed on the surface of the 
lift-off resist 251, and conductive layers 8 are formed on 
the exposed flat portions of the bias layers 6. The spin- 
valve thin film magnetic element 1 having the conductive 
layers 8, 8 for flowing a sense current into the free 
magnetic layer 5 on the bias layers 6 is obtained as shown 
in Fig. 1. 

[0083] The relation between the heat treatment 
temperature of the antif erromagnetic layer and the exchange 
anisotropic magnetic field will be described in detail with 
reference to Figs. 17, 19 and 20. The curve denoted by the 
marks (■) in Fig. 17 show heat-treatment temperature 
dependency of the exchange anisotropic magnetic field of the 
bottom type single spin-valve thin film magnetic element 
having the antif erromagnetic layer disposed between the 
substrate and free magnetic layer, and curve denoted by the 
marks (♦) in Fig. 17 show heat-treatment temperature 
dependency of the exchange anisotropic magnetic field of the 
top type single spin-valve thin film magnetic element in 
which the antif erromagnetic layer is biased against the 
substrate from the free magnetic layer. Accordingly, the 
antif erromagnetic layer in the top type single spin-valve 



thin film magnetic element corresponding to the curve 
represented by the marks (♦) is provided at the site remote 
from the substrate as compared with the bottom type single 
spin-valve thin film magnetic element corresponding to the 
curve repriesented by the marks (■). 

[0084] Actually , the top type single spin-valve thin 
film magnetic element corresponding to the curve represented 
by the marks (♦) in Fig. 17 comprises the insulation 
underlayer 200 made of an Al 2 0 3 film (1000), the underlayer 
210 made of a Ta film (50) , the free magnetic layer 5 made 
of two layers of a Ni-Fe alloy film (70) and Co film (10), 
the non-magnetic conductive layer 4 made of a Cu film (30) , 
the pinned magnetic layer 3 made of a Co film (25) , the 
antiferromagnetic layer 2 made of a Pt 5&4 Mn 4 4. 6 film (300) , and 
the protective layer 220 made of a Ta film (50) sequentially 
laminated in this order on the Si substrate K as shown in 
Fig. 19. 

[0085] The bottom type single spin-valve thin film 
magnetic element corresponding to the curve represented by 
the marks (■) in Fig. 17 comprises the insulation 
underlayer 200 made of an Al 2 0 3 film (1000), the 
antiferromagnetic layer 2 made of a Pt 5&4 Mn 446 film (300), the 
pinned magnetic layer 3 made of a Co film (25), the non- 
magnetic conductive layer 4 made of a Cu film (26), the free 
magnetic layer 5 made of two layers of a Co film (10) and 
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Ni-Fe alloy film (70), and the protective layer 220 made of 
a Ta film (50) sequentially laminated in this order on the 
Si substrate K as shown in Fig. 20. The numerical value in 
the parenthesis denotes the thickness of each layer 
represented in an Angstrom unit, 

[0086] The top type spin-valve thin film magnetic 
element corresponding to the curve denotes by the marks (♦) 
in Fig- 17 is disposed above the pinned magnetic layer 3, and 
the free magnetic layer 5, non-magnetic conductive layer 4 
and pinned magnetic layer 3 are formed by being sandwiched 
between the substrate K and antif erromagnetic layer 2 . The 
bottom type spin-valve thin film magnetic element 
corresponding to the curve denotes by the marks (■) in 
Fig. 17 is disposed, on the other hand, below the pinned 
magnetic layer 3, and the pinned magnetic layer 3, non- 
magnetic conductive layer 4 and free magnetic layer 5 are 
not formed between the substrate K and antif erromagnetic 
layer 2. 

[0087] The exchange anisotropic magnetic field of the 
antif erromagnetic layer 2 (Pt e6L4 Mn 4 4 j6 ) denoted by the marks 
(■) starts to increase past a temperature of 220°C / and is 
stabilized at a level of about 700 Oe at a temperature over 
240°C as shown in Fig. 17. The exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 ( Pt^Mn^ ) 
denoted by the marks ( ♦ ) starts to increase past a 



temperature of 240°C, and is stabilized at a level of about 
600 Oe at a temperature over 260°C. It may be understood 
from the graph that a higher magnitude of the exchange 
anisotropic magnetic field can be obtained at a relatively 
low heat-treatment temperature in the ant if erromagnetic 
layer 2 denoted by the marks (■) that is disposed close to 
the substrate, as compared with the exchange anisotropic 
magnetic field obtained in the antif erromagnetic layer 2 
denoted by the marks (♦) that is disposed to be remote from 
the substrate. 

[0088] The properties of antif erromagnetic layers are 
utilized in the method for manufacturing the spin-valve thin 
film magnetic element 1 according to the present invention. 
The spin-valve thin film magnetic element 1 according to the 
present invention is the bottom type spin-valve thin film 
magnetic element 1 in which the antif erromagnetic layer 2 is 
disposed close to the substrate K (or the antif erromagnetic 
layer is disposed under the pinned magnetic layer), and the 
bias layer 6 made of the same alloy as used in the 
antiferromagnetic layer 2 is disposed to be remote from the 
substrate K relative to the antiferromagnetic layer 2. 

[0089] Accordingly, the exchange anisotropic magnetic 
field is generated at the antiferromagnetic layer 2 and bias 
layer 6 by heat treating the laminated body al at the first 
heat- treatment temperature (220 to 240°C) while applying the 



first magnetic field to the laminated body al # and the 
magnetization directions of the pinned magnetic layer 3 and 
free magnetic layer 5 is fixed in the same direction with 
each other. The magnitude of the exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 is 600 Oe or 
more, which is larger than the magnitude of the exchange 
anisotropic magnetic field of the bias layer 6 of 100 Oe or 
less. The magnitude of the exchange anisotropic magnetic 
field of the bias layer increases up to 600 Oe or more in 
the next step by the second heat- treatment (250 to 270°C) 
while applying the second magnetic field in a direction 
perpendicular to the direction of the first magnetic field, 
showing a larger magnitude of the exchange anisotropic 
magnetic field than the magnitude of the exchange 
anisotropic magnetic field of the bias layer 6 attained in 
the foregoing heat-treatment. Accordingly, the 
magnetization direction of the free magnetic layer 5 is set 
to intersect the direction of the first magnetic field. 

[0090] When the magnitude of the second magnetic field 
is smaller than the magnitude of the exchange anisotropic 
magnetic field of the antiferromagnetic layer 2 generated by 
the foregoing heat-treatment, the exchange anisotropic 
magnetic field of the antiferromagnetic layer 2 is not 
deteriorated by applying the second magnetic field to the 
antiferromagnetic layer 2, enabling the magnetization 



direction of the pinned magnetic layer 3 to remain fixed. 
Consequently , the magnetization direction of the pinned 
magnetic layer 3 can be adjusted to intersect the 
magnetization direction of the free magnetic layer 5. 

[0091] The first heat-treatment temperature is 
preferably in the range of 220°C to 240°C. The first heat- 
treatment temperature of less than 220 °C is not preferable 
since magnetization of the pinned magnetic layer 3 is not 
enhanced and the magnitude of the exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 becomes as 
small as 200 Oe or less. As a result, the pinned magnetic 
layer 3 is magnetized in the same direction as the 
magnetization direction of the free magnetic layer 5 during 
the second heat-treatment. The first heat-treatment 
temperature of higher than 24 0°C is also not preferable, on 
the other hand, since the magnitude of the exchange 
anisotropic magnetic field of the bias layer 6 becomes so 
large that magnetization of the free magnetic layer is 
hardly displaced unless a strong magnetic field is applied. 
As a result, the magnetization direction of the free 
magnetic layer 5 can be hardly aligned in the direction 
intersecting the magnetization direction of the pinned 
magnetic layer 3 during the second heat-treatment. 
Therefore, the heat-treatment temperature within the range 
of 230°C to 240°C is preferable since the magnitude of the 



• 



- 17 - 

exchange anisotropic magnetic field of the antif erromagnetic 
field 2 can be increased to 400 Oe or more to enable the 
exchange anisotropic magnetic field of the pinned magnetic 
layer 3 to be also increased. 

[0092] The second heat-treatment temperature is 
preferably in the range of 250°C to 270 °C. The second heat- 
treatment temperature of lower than 250 °C is not preferable 
since the magnitude of the exchange anisotropic magnetic 
field cannot be increased to 400 Oe or more to fail in 
increasing the vertical bias magnetic field of the free 
magnetic layer 5, besides failing in aligning the 
magnetization direction of the free magnetic layer 5 fixed 
in the first heat-treatment to the direction intersecting 
the magnetization direction of the pinned magnetic layer 3. 
The second heat-treatment temperature of higher than 270 °C 
is also not preferable, on the other hand, since the 
exchange anisotropic magnetic field of the bias layer 6 
remains constant and is not increased to cause deterioration 
of the magnetoresistive effect due to thermal diffusion at 
the interface. 

[0093] Fig. 18 suggests that a condition favorable for 
the second heat treatment can be obtained by adjusting the 
composition of the antif erromagnetic layer 2 to be 
appropriately different from the composition of the bias 
layer 6, whereby the magnitude of the exchange anisotropic 



magnetic field of the ant if erromagnetic layer 2 can be made 
larger after the first heat-treatment while suppressing the 
exchange anisotropic magnetic field of the bias layer 6 from 
generating after the first heat-treatment. 

[0094] The relation between the composition of the 
antiferromagnetic layer and the magnitude of the exchange 
anisotropic magnetic field at the heat-treatment temperature 
of 245°C or 270°C will be described in detail hereinafter 
with reference to Fig. 18. The curves denoted by the marks 
(A) and (A) show the relations between the composition of 
the antiferromagnetic layer and the magnitude of the 
exchange anisotropic magnetic field in the top type single 
spin-valve thin film magnetic element in which the 
antiferromagnetic layer is disposed at the site biased 
against the substrate from the free magnetic layer (or the 
antiferromagnetic layer is disposed on the pinned magnetic 
layer). The marks (A) correspond to a heat-treatment at 
270°C and the marks (A) corresponds to a heat -treatment at 
245°C. The curves shown by the marks (O) and (•) show the 
relations between the composition of the antiferromagnetic 
layer and the magnitude of the exchange anisotropic magnetic 
field in the bottom type single spin-valve thin film 
magnetic element in which the antiferromagnetic layer is 
disposed between the substrate and free magnetic layer (or 
the antiferromagnetic layer is disposed under the pinned 
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magnetic layer). The marks (O) correspond to a heat- 
treatment at 270°C and the marks (•) corresponds to a heat- 
treatment at 245 °C. 

[0095] Actually, the top type spin-valve thin film 
magnetic element corresponding to the curves denoted by the 
marks (A) and (A) comprises the insulation underlayer 200 
made of an AlA film (1000), the underlayer 210 made of a Ta 
film (50), the free magnetic layer 5 made of two layers of a 
Ni-Fe alloy film (70) and Co film (10), the non-magnetic 
conductive layer 4 made of a Cu film (30), the pinned 
magnetic layer 3 made of a Co film (25), the 
antiferromagnetic layer 2 made of a Ptjyin n film (300), and 
the protective layer 220 made of a Ta film (50) sequentially 
laminated on the Si substrate K in this order as shown in 
Fig. 19. 

[0096] The bottom type spin-valve thin film magnetic 
element corresponding to the curves denoted by the(O) and 
(•) comprises the insulation underlayer 200 made of an A1 2 0 3 
film (1000), the underlayer 210 made of a Ta film (30), the 
antiferromagnetic layer 2 made of a Pt,„Mn n film (300), the 
pinned magnetic layer 3 made of a Co film (25), the non- 
magnetic conductive layer 4 made of a Cu film (26), the free 
magnetic layer 5 made of two layers of a Co film (10) and 
Ni-Fe alloy film (70), and the protective layer 220 made of 
a Ta film (50) sequentially laminated on the Si substrate K 
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in this order as shown in Fig. 20. The numerical value in 
the parenthesis denotes the thickness of each layer 
represented in an Angstrom unit. 

[0097] The properties of the bottom type and top type 
spin-valve thin film magnetic elements shown in Fig. 18 are 
utilized in the method for manufacturing the spin-valve thin 
film magnetic element according to the present invention. 
In the spin-valve thin film magnetic element 1 according to 
the present invention as the bottom type spin-valve thin 
film magnetic element , the composition range of the alloy to 
be used for the antif erromagnetic layer 2 is preferably the 
same as the composition range of the antif erromagnetic layer 
of the bottom type spin-valve thin film magnetic element 
shown in Fig. 18 , and the composition range of the alloy to 
be used for the bias layer 6 is preferably the same as the 
antiferromagnetic layer of the top type spin-valve thin film 
magnetic element shown in Fig. 18. 

[0098] Fig. 18 clearly shows that m representing the 
composition ratio is preferably in the range of 48 at% <s m <s 
60 at% when the antiferromagnetic layer of the bottom type 
spin-valve thin film magnetic element, or the 
antiferromagnetic layer 2 herein, is made of an alloy 
represented by Xjyin 100 _ x (wherein X is at least one element of 
Pt, Pd, Ir, Rh, Ru and Os ) . The composition ratio m of less 
than 48 at% or more than 60 at% is not preferable because 
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the crystal lattice of the XJ4n 100 _ x alloy is hardly converted 
into a Ll 0 type ordered lattice even by applying the second 
heat-treatment at 270 °C, or the unidirectional exchange 
coupling magnetic field is not exhibited. 

[0099] The preferable range of m is 48 at% <> m <; 58 at% . 
The composition ratio m of less than 48 at% or more than 58 
at% is not preferable because the crystal lattice of the 
X^n^ alloy is hardly converted into the Ll 0 type ordered 
lattice even by applying the first heat-treatment at 245 °C 
to fail in exhibiting an antif erromagnetic property, or the 
unidirectional exchange coupling magnetic field (exchange 
anisotropic magnetic field) is not exhibited. 

[0100] It is also preferable that m and n representing 
the composition ratios are within the ranges of 48 at% <> m + 
n <; 60 at% and 0.2 at% <; n <; 40 at%, when the 
antiferromagnetic layer of the bottom type spin-valve thin 
film magnetic element, or the antiferromagnetic layer 2, is 
made of an alloy represented by PtJto 100HMl Z n (wherein Z is at 
least one or plural elements of Pd, Ir, Rh, Ru and Os). The 
crystal lattice of the Pt B pta 100HMI Z Il alloy is hardly converted 
into the Ll 0 type ordered lattice even by applying the 
second heat-treatment at 270 °C, or the antiferromagnetic 
property is not exhibited, when the composition ration (m + 
n) is less than 48 at% or more than 60 at%. Consequently, 
the unidirectional exchange coupling magnetic field is also 
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not exhibited. The composition ratio n of less than 0.2 at% 
and more than 40 at% are also not preferable, since an 
ordering accelerating effect of the antif erromagnetic layer 
crystal lattice is not sufficiently displayed in the former 
case while the exchange anisotropic magnetic field decreases 
in the latter case. 

[0101] The composition ratio (m + n) is preferable 
within the range of 4 9 at% <> m + n <; 58 at%. The crystal 
lattice of the Pt^n^^^ alloy is hardly converted into the 
Ll 0 type ordered lattice even by applying the first heat- 
treatment at 245 °C, or the antif erromagnetic property is not 
exhibited, when the composition ration (m + n) less than 48 
at% or more than 58 at%. In other words, the composition 
ratio above is not preferable since the unidirectional 
exchange coupling magnetic field is not exhibited. 

[0102] It is preferable that g and j representing the 
composition ratios are in the ranges of 48 at% <s q + j <; 60 
at% and 0.2 at% =s j <> 10 at%, when the antif erromagnetic 
layer of the bottom type spin-valve thin film magnetic 
element, or the antif erromagnetic layer 2, is represented by 
PtgMnioo^jLj (wherein L represents at least one or plural 
elements of Au, Ag, Cr, Ni, Ne, Ar, Xe and Kr). The crystal 
lattice of the Pt^n^^.^ alloy is hardly converted into the 
Ll 0 type ordered lattice even by applying the second heat- 
treatment at 270°C when the composition ratio (q + j) is 



less than 48 at% or more than 60 at%, failing in exhibiting 
the antif erromagnetic property. In other words, the 
composition ratios are not preferable since the 
unidirectional exchange coupling magnetic field is not 
exhibited. The composition ratios g. of less than 0.2 at% 
and 10 at% are also not preferable since the unidirectional 
exchange coupling magnetic field is not sufficiently 
improved in the former case while the unidirectional 
exchange coupling magnetic field decreases in the latter 
case. 

[0103] Accordingly, the composition ratio (q + j) is 
preferably in the range of 48 at% ^ q + j <; 58 at%. The 
crystal lattice of the Pt^n^^.^ alloy is hardly converted 
into the Ll 0 type ordered lattice when the composition ratio 
(q + j) is less than 48 at% or more than 58 at% even by 
applying the first heat treatment at 245°C / failing in 
exhibiting the antif erromagnetic property. In other words, 
the composition ratios are not preferable since the 
unidirectional exchange coupling magnetic field is not 
exhibited. 

[0104] Fig. 18 clearly shows that m representing the 
composition ratio is preferably in the range of 52 at% <; m <; 
60 at% when the antif erromagnetic layer of the top type 
spin-valve thin film magnetic element, or the bias layer 6 
herein, is made of an alloy represented by XJfn l0Q ^ (wherein X 
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is at least one element of Pt, Pd, Ir, Rh, Ru and Os). The 
crystal lattice of the X^n^^ alloy is hardly converted into 
the Ll 0 type ordered lattice even by applying the second 
heat-treatment at 270 °C, failing in exhibiting the 
antif erromagnetic property. In other words , the composition 
ratios are not preferable since the unidirectional exchange 
coupling magnetic field is not exhibited. 

[0105] The composition ratios m and n are preferably in 
the ranges of 52 at% <s m + n <; 60 at% and 0.2 at% * n <, 40 
at% when the antif erromagnetic layer of the top type spin- 
valve thin film magnetic element , or the bias layer 6, is 
made of an alloy represented by Pt„fSni a>mn Z n (wherein Z is at 
least one or plural elements of Pd, Ir, Rh, Ru and Os). The 
composition ratio (m + n) of less than 52 at% or more than 
60 at% is not preferable since the crystal lattice of the 
PtJtaux^Zn alloy is hardly converted into the Ll 0 type 
ordered lattice even by applying the second heat-treatment 
at 27 0°C, failing in exhibiting the antif erromagnetic 
property. The composition range is also not preferable 
since the alloy does not exhibit the unidirectional exchange 
coupling magnetic field. The composition ratios n of less 
than 0.2 at% and more than 40 at% are also not preferable 
since an ordering accelerating effect of the 
antif erromagnetic layer crystal lattice, or an effect for 
increasing the exchange anisotropic magnetic field, is not 
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sufficiently exhibited in the former case while the exchange 
anisotropic magnetic field decreases in the latter case, 

[0106] The composition ratios g and j. are preferably in 
the ranges of 52 at% <; q + j <; 60 at% and 0.2 at% <; j <; 10 
at% when the antif erromagnetic layer of the top type spin- 
valve thin film magnetic element, or the bias layer 6 herein 
is made of an alloy represented by Pt^n^^.^ (wherein L is 
at least one or plural elements of Au, Ag, Cr, Ni, Ne, Ar, 
Xe and Kr). The crystal lattice of the Pt^n^^.^ alloy is 
hardly converted into the Ll 0 type ordered lattice even by 
applying the second heat treatment at 27 0 °C when the 
composition ratios (q + j) is less than 52 at% or more than 
60 at%, failing in exhibiting the antif erromagnetic property 
Accordingly, the composition ratio is not preferable since 
the unidirectional exchange coupling magnetic field is not 
exhibited. The composition ratios g. of less than 0.2 at% 
and more than 10 at% are also not preferable since the 
effect for improving the unidirectional exchange coupling 
magnetic field by adding the element L is not sufficiently 
displyed in the former case, and the unidirectional exchange 
anisotropic magnetic field decreases in the latter case. 

[0107] Fig. 18 clearly shows that m representing the 
composition ratio of the ant if erromagnetic layer and bias 
layer is preferably within the range of 52 at% <. m <; 58 at%, 
when the antiferromagnetic layer of the bottom type spin- 



valve thin film magnetic element, or the ant if erromagnetic 
layer 2 herein , and the ant if erromagnetic layer of the top 
type spin-valve thin film magnetic element , or the bias 
layer 6 herein , are made of an alloy represented by X^n^^ 
(wherein X is at least one element of Pt, Pd, Ir, Rh, Ru and 
Os) . 

[0108] The crystal lattice of the Xjto 100Hn alloy 
constituting the bias layer 6 is hardly converted into the 
Ll 0 type ordered lattice even by applying the second heat 
treatment at 270 °C when the composition ratio m is less than 
52% , failing in exhibiting the antif erromagnetic property. 
The composition ratio is also not preferable since the 
unidirectional exchange coupling magnetic field is not 
exhibited. When the composition ratio m is larger than 58 
at%, on the other hand, the crystal lattice of the X^n^^ 
alloy constituting the antif erromagnetic layer 2 is hardly 
converted into the Ll 0 type ordered lattice even by applying 
the first heat treatment at 245 °C, failing in exhibiting the 
antif erromagnetic property. The composition ratio is 
therefore not preferable since the unidirectional exchange 
coupling magnetic field is not exhibited. 

[0109] The composition ratio m of the antif erromagnetic 
layer 2 and the bias layer 6 is more preferably in the range 
of 52 at% ^ m ^ 56.5 at% when the antif erromagnetic layer 2 
and the bias layer 6 are made of the alloy represented by 
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x mM n ioo-m* The crystal lattice of the XJln 100HI1 alloy is hardly 
converted into the Ll 0 type ordered lattice even by applying the 
second heat-treatment at 270 °C when the composition ratio is less 
than 52 at%, failing in exhibiting the antiferromagnetic property. 
The composition ratio is not preferable since the unidirectional 
exchange coupling filed is not exhibited. The composition ratio m 
larger than 56.5 at% is also not preferable since, although the 
exchange anisotropic magnetic field of the antiferromagnetic layer 
2 becomes larger than the exchange anisotropic magnetic field of 
the bias layer 6, the difference between them is small after 
applying the first heat-treatment at 245 °C. The pinned magnetic 
layer 3 is magnetized in the same direction as the magnetization 
direction of the free magnetic layer 5, or the magnetization 
direction of the free magnetic layer 5 is hardly aligned in the 
direction perpendicular to the magnetization direction of the 
pinned magnetic layer 3 by applying the second heat-treatment at 
270 °C when the composition ratio m is in the range as described 
above. 

[0110] The composition ratio m of the antiferromagnetic 
layer 2 and bias layer 6 is most preferably in the range of 
52 at% «s m ^ 55.2 at% when the antiferromagnetic layer 2 and 
bias layer 6 are made of the alloy represented by XJAn l0Q ^. 
The crystal lattice of the XJAn lQ0 ^ alloy is hardly converted 
into the Ll 0 type ordered lattice even by applying the 
second heat-treatment at 270°C when the composition ratio m 
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is less than 52 at%, failing in exhibiting the 
ant if erromagnetic property. The composition ratio is not 
preferable since the unidirectional exchange coupling 
magnetic field is not exhibited. The composition ratio m 
larger than 55.2 at% is also not preferable since, although the 
exchange anisotropic magnetic field of the antiferromagnetic layer 
2 becomes larger than the exchange anisotropic magnetic field of 
the bias layer 6, the difference between them is small after 
applying the first heat-treatment at 245 °C. The pinned magnetic 
layer 3 is magnetized in the same direction as the magnetization 
direction of the free magnetic layer 5, or the magnetization 
direction of the free magnetic layer 5 is hardly aligned in the 
direction perpendicular to the magnetization direction of the 
pinned magnetic layer 3 by applying the second heat-treatment at 
270°C when the composition ratio m is in the range as described 
above. 

[0111] Accordingly, the exchange anisotropic magnetic 
field of the antiferromagnetic layer 2 becomes larger than 
the exchange anisotropic magnetic field of the bias layer 6, 
and the difference of the exchange coupling magnetic fields 
between the antiferromagnetic layer 2 and bias layer 6 also 
remains large after applying the second heat treatment when 
the composition ratio m of the antiferromagnetic layer 2 and 
bias layer 6 falls within the range of 52 at% ^ m ^ 55.2 at%. 
The composition ratio is preferable because the 



magnetization direction of the pinned magnetic layer 3 
remains unchanged and is fixed while allowing the 
magnetization direction of the free magnetic layer 5 to be 
smoothly changed in response to the signal magnetic field 
applied from the magnetic recording medium. 

[0112] When the antif erromagnetic layer 2 and bias 
layer 6 are made of an alloy represented by PtJln 100HIH1 Z n 
(wherein Z is at least one or plural elements of Pd, Ir, Rh, 
Ru and Os), m and n representing the composition ratios are 
preferably in the ranges of 52 at% <> m + n <s58 at% and 0.2 
at% <s n <; 40 at%. 

[0113] The crystal lattice of the Pt n ^In 100 ^. n Z n alloy 
constituting the bias layer 6 is hardly converted into the 
Ll 0 type ordered lattice even by applying the second heat 
treatment at 270 °C when (m + n) is less than 52 at%, failing 
in exhibiting the antif erromagnetic property. The 
composition ratios are not preferable since the 
unidirectional exchange coupling magnetic field is not 
exhibited. When the composition ratio (m + n) is larger 
than 58 at%, on the other hand, the crystal lattice of the 
Ptjtaioo^^ alloy constituting the antif erromagnetic layer 2 
is hardly converted into the Ll 0 type ordered lattice even 
by applying the first heat treatment at 245 °C, failing in 
exhibiting the antif erromagnetic property. The composition 
ratios are not preferable since the unidirectional exchange 



coupling magnetic field is not exhibited. The composition 
ratio n of less than 0.2 at% and more than 40 at% is also 
not preferable since the effect for improving the 
unidirectional exchange coupling magnetic field by adding 
the element Z in the former case is not sufficiently 
displayed, and the unidirectional exchange coupling magnetic 
field decreases in the latter case. 

[0114] The composition ratios m and n are more 
preferably in the ranges of 52 at% <; m + n <;56.5 at% and 0.2 
at% <> n <; 40 at%, when the antif erromagnetic layer 2 and 
bias layer 6 are made of the alloy represented by PtJln 100 ^ n Z n . 

[0115] The crystal lattice of the VtJfn lw ^Z n alloy is 
hardly converted into the Ll 0 type ordered lattice even by 
applying the second heat treatment at 270 °C when the 
composition ratio (m + n) is less than 52 at%, filing in 
exhibiting the antif erromagnetic property. The composition 
ratio is not preferable since the unidirectional exchange 
coupling magnetic field is not exhibited. The composition 
ratio (m + n) of larger than 56.5 at% is not preferable 
because, although the exchange anisotropic magnetic field of 
the antiferromagnetic layer 2 becomes larger than the 
exchange anisotropic magnetic field of the bias layer 6 when, 
the difference between them is so small that the pinned 
magnetic layer 3 is magnetized in the same direction as the 
magnetization direction of the free magnetic layer 5, or the 



magnetization direction of the free magnetic layer 5 is 
hardly aligned in the direction perpendicular to the 
magnetization direction of the pinned magnetic layer 3 by 
applying the second heat-treatment at 270 °C. The 
composition ratios of smaller than 0.2 at% or larger than 40 
at% are also not preferable since the effect for improving 
the unidirectional exchange coupling magnetic field by 
adding the element Z is not fully displayed in the former 
case, and the unidirectional exchange coupling magnetic 
field decreases in the latter case. 

[0116] The composition ratios m and n are more 
preferably in the ranges of 52 at% sm + n s 55.2 at% and 0.2 
at% s; n <; 40 at% when the ant if erromagnetic layer 2 and bias 
layer 6 are made of the alloy represented by Pt^M*^,,. 

[0117] The crystal lattice of the PtJto 100 ^„Z n alloy is 
hardly converted into the Ll 0 type ordered lattice even by 
applying the second heat-treatment at 270 °C when the 
composition ratio m is less than 52 at%, failing in 
exhibiting the antif erromagnetic property. The composition 
ratio is not preferable since the unidirectional exchange 
coupling magnetic field is not exhibited. The composition 
ratio (m + n) larger than 55.2 at% is also not preferable 
because, although the exchange coupling magnetic field of 
the antiferromagnetic layer 2 becomes larger than the 
exchange coupling magnetic field of the bias layer 6, the 



difference between them is so small that the pinned magnetic 
layer 3 is magnetized in the same direction as the 
magnetization direction of the free magnetic layer 5, or the 
magnetization direction of the free magnetic layer 5 is 
hardly aligned in the direction perpendicular to the 
magnetization direction of the pinned magnetic layer 3 by 
applying the second heat treatment at 270°C. The 
composition ratio n of less than 0.2 at% or larger than 40 
at% is also not preferable since the effect for improving 
the unidirectional exchange coupling magnetic field by 
adding the element Z is not fully displayed in the former 
case, and the unidirectional exchange coupling magnetic 
field decreases in the latter case. 

[0118] Accordingly/ the composition ratios of the 
antiferromagnetic later 2 and bias layer 6 in the ranges of 
52 at% <;m + n <; 55.2 at% and 0.2 at% <; n «s 40 at% are 
preferable since the exchange anisotropic magnetic field of 
the antiferromagnetic later 2 becomes larger than the 
exchange coupling magnetic field of the bias layer 6 by 
applying the first heat-treatment, and the difference 
between the exchange coupling magnetic fields of the 
antiferromagnetic layer 2 and bias layer 6 remains large 
after applying the second heat-treatment. Consequently, the 
magnetization direction of the pinned magnetic layer 3 is 
not changed and fixed against the signal magnetic field from 



the magnetic recording medium , while allowing the 
magnetization direction of the free magnetic layer 5 to be 
smoothly changed. 

[0119] The composition ratios g and j are preferably in 
the ranges of 52 at% <; q + j =s 58 at% and 0.2 at% <. j <; 10 
at% when the antif erromagnetic layer 2 and bias layer 6 are 
made of an alloy represented by PtqMn^^Lj (wherein L is at 
least one or plural elements of Au, Ag, Cr, Ni, Ne, Ar, Xe 
and Kr ) . 

[0120] The crystal lattice of the Pt^n^.^ alloy 
constituting the bias layer 6 is hardly converted into the 
L lo tyP e ordered lattice even by applying the second heat- 
treatment at 270°C when (q + j) is less than 52 at%, failing 
in exhibiting the antif erromagnetic property. 
The composition ratios are therefore not preferable since 
the unidirectional ferromagnetic property cannot be 
exhibited. The crystal lattice of the Pt^n^.^ alloy 
constituting the antif erromagnetic layer 2 is hardly 
converted into the Ll 0 type ordered lattice even by applying 
the first heat-treatment at 245°C when (q + j) is more than 
58 at%, failing in exhibiting the antif erromagnetic property. 
The composition ratio j of less than 0.2 at% and more than 
10 at% is also not preferable since the effect for improving 
the unidirectional exchange coupling magnetic field by 
adding the element L is not sufficiently improved in the 



former case, and the unidirectional exchange coupling 
magnetic field decreases in the latter case. 

[0121] The composition ratios g and j. are more 
preferably in the ranges of 52 at% <; q + j<s 56.5 at% and 0.2 
at% <; j <; 10 at% when the antif erromagnetic layer 2 and bias 
layer 6 are made of the alloy represented by Pt^n^^.^. 

[0122] The crystal lattice of the Pt^n^.^ alloy 
constituting the bias layer 6 is hardly converted into the 
Llo type ordered lattice even by applying the second heat- 
treatment at 270°C when the composition ratio (q + j) is 
less than 52 at%, failing in exhibiting the 
antif erromagnetic property. The composition ratio is 
therefore not preferable since the unidirectional exchange 
coupling magnetic field is not displayed. The composition 
ratio (q + j) of more than 56.5 at% is also not preferable 
since, although the exchange anisotropic magnetic field of 
the antiferromagnetic layer 2 becomes larger than the 
exchange anisotropic magnetic field of the bias layer 6 by 
applying the first heat-treatment at 245 °C, the difference 
between them is so small that the pinned magnetic layer 3 is 
magnetized in the same direction as the magnetization 
direction of the free magnetic layer 5 by applying the 
second heat-treatment at 270 °C, or the magnetization 
direction of the free magnetic layer 5 is hardly aligned in 
the direction perpendicular to the magnetization direction 



of the pinned magnetic layer 3, The composition ratio j. of 
less than 0.2 at% and more than 10 at% is also not 
preferable since the effect for improving the unidirectional 
exchange coupling magnetic field by adding the element L is 
not sufficiently improved in the former case, and the 
unidirectional exchange coupling magnetic field decreases in 
the latter case. 

[0123] The composition ratios g and j. are more 
preferably within the ranges of 52 at% * q + j <; 55.2 at% 
and 0.2 at% <; j £ 10 at% when the antiferromagnetic layer 2 
and bias layer 6 are made of the alloy represented by 
PtqMn^.^. 

[0124] The crystal lattice of the Pt^n^.^ alloy 
constituting the bias layer 6 is hardly converted into the 
Ll 0 type ordered lattice even by applying the second heat- 
treatment at 270 °C when the composition ratio g is less than 
52 at%, failing in exhibiting the antiferromagnetic property. 
The composition ratio is therefore not preferable since the 
unidirectional exchange coupling magnetic field is not 
displayed. The composition ratio (q + j) of more than 55.2 
at% is also not preferable since, although the exchange 
anisotropic magnetic field of the antiferromagnetic layer 2 
becomes larger than the exchange anisotropic magnetic field 
of the bias layer 6 by applying the first heat-treatment at 
245 °C, the difference between them is so small that the 
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pinned magnetic layer 3 is magnetized in the same direction 
as the magnetization direction of the free magnetic layer 5, 
or the magnetization direction of the free magnetic layer 5 
is hardly aligned in the direction perpendicular to the 
magnetization direction of the pinned magnetic layer 3 by 
applying the second heat- treatment at 270 °C. The 
composition ratio j. of less than 0.2 at% and more than 10 
at% is also not preferable since the effect for improving 
the unidirectional exchange coupling magnetic field by 
adding the element L is not sufficiently improved in the 
former case, and the unidirectional exchange coupling 
magnetic field decreases in the latter case. 

[0125] Accordingly , the composition ratios g and g. of 
the antif erromagnetic layer 2 and bias layer 6 are 
preferably in the range of 52 at% ^ q + j <; 55.2 at% and 0.2 
at% =s j ss 10 at%, because the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 becomes larger than 
the exchange coupling magnetic field of the bias layer 6 by 
the first heat-treatment, and the difference between the 
exchange coupling magnetic fields of the antif erromagnetic 
layer 2 and bias layer 6 remains large after applying the 
second heat-treatment. Consequently, the magnetization 
direction of the pinned magnetic layer 3 is fixed and 
remains unchanged while the magnetization direction of the 
free magnetic layer 5 is allowed to smoothly change. 



[0126] When the composition of the antif erromagnetic 
layer of the bottom type spin-valve thin film magnetic 
element, or the antif erromagnetic layer 2 herein, is made to 
be different from the composition of the antif erromagnetic 
layer of the top type spin-valve thin film magnetic element, 
or the bias layer 6 herein, for example when the Mn 
concentration of the antif erromagnetic layer 2 is adjusted 
to be higher than the Mn concentration of the bias layer 6, 
the difference between the magnitudes of the exchange 
coupling magnetic fields of the two layers after the first 
heat- treatment may become more evident, thereby enabling the 
magnetization direction of the free magnetic layer 5 to be 
more certainly perpendicular to the magnetization direction 
of the pinned magnetic layer 3 after the second heat- 
treatment. In addition, the difference between the 
magnitudes of the exchange anisotropic magnetic fields of 
the antiferromagnetic layer 2 and bias layer 6 having 
different Mn concentrations with each other may be made 
further evident after the second heat-treatment. 
Consequently, the magnetization direction of the pinned 
magnetic layer 3 is fixed and unchanged, while the 
magnetization direction of the free magnetic layer 5 is 
allowed to smoothly change. 

[0127] Accordingly, the bias layer 6 is preferably made 
of the alloy represented by X^n^ (wherein X is at least 



one element of Pt f Pd, Ir, Rh, Ru and Os, and m representing 
the composition ratio is 52 at% <; m <; 60 at% ) , and the 
antif erromagnetic layer 2 is preferably made of the alloy 
represented by XJMn 100HB (wherein X is at least one element of 
Pt, Pd, Ir, Rh, Ru and Os, and m representing the 
composition ratio is 48 at% ^ m <s 58 at%). 

[0128] The crystal lattice of the 2yin 100HB alloy 
constituting the bias layer 6 is hardly converted into the 
Llo tyP e ordered lattice even by applying the second heat- 
treatment at 270°C as shown in Fig. 18, when the composition 
ratio m of the bias layer 6 is less than 52 at% or more than 
60 at%, failing in exhibiting the antif erromagnetic property. 
The composition ratio is therefore not preferable since the 
unidirectional exchange coupling magnetic field is not 
displayed. When the composition ratio m of the 
ant if erromagnetic layer 2 is less than 4 8 at% or more than 
58 at%, on the other hand, the crystal lattice of the XjyEn 100 ^ 
alloy constituting the antif erromagnetic layer 2 is hardly 
converted into the Ll 0 type ordered lattice even by applying 
the first heat-treatment at 245 °C, failing in exhibiting the 
antif erromagnetic property. The composition ratio is also 
not preferable since the unidirectional exchange coupling 
magnetic field is not displayed. 

[0129] Accordingly, the composition ratio of the 
antif erromagnetic layer 2 and the composition range of the 



bias layer 6 may be selected within the ranges, of 52 at% <; m 
<; 60 at% and 48 at% =s m <. 58 at%, respectively, with 
different compositions with each other, so that the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 
becomes larger than the exchange anisotropic magnetic field 
of the bias layer 6 after applying the first heat-treatment 
at 245 °C, and the exchange anisotropic magnetic field of the 
ant if erromagnetic layer 2 becomes larger than the exchange 
anisotropic magnetic field of the bias layer 6 after 
applying the second heat-treatment at 270 °C 

[0130] A combination of the compositions that allows 
the difference between the magnitudes of the exchange 
coupling magnetic field of the antif erromagnetic layer 2 and 
the exchange anisotropic magnetic field of the bias layer 6 
to be more distinct after applying the first and second 
heat-treatments, respectively, is possible by selecting the 
composition ratios that satisfy the foregoing conditions so 
that the composition ratios of the ferromagnetic layer and 
bias layer are different with each other, as compared with 
the case when the antif erromagnetic layer 2 and bias layer 6 
have the same composition with each other. The degree of 
design freedom may be improved under the conditions 
described above. 

[0131] The magnitude of the exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 can be made 



to be larger than the magnitude of the exchange anisotropic 
magnetic field of the bias layer 6 by applying the first 
heat-treatment. In addition, it is possible to align the 
magnetization direction of the free magnetic layer 5 so as 
to intersect the magnetization direction of the pinned 
magnetic layer 3 by applying the second heat-treatment, 
without deteriorating the exchange anisotropic magnetic 
field or without changing the magnetization direction of the 
antiferromagnetic layer 2 by the second heat-treatment while 
tightly fixing the magnetization direction of the pinned 
magnetic layer 3. It is also possible to make the magnitude 
of the exchange anisotropic magnetic field of the 
antiferromagnetic layer 2 to be larger than the magnitude of 
the exchange anisotropic magnetic field of the bias layer 6 
by applying the second heat treatment. The magnetization 
direction of the pinned magnetic layer 3 is fixed to remain 
unchanged against the applied signal magnetic field from the 
magnetic recording medium, thereby enabling the 
magnetization direction of the free magnetic layer 5 to be 
smoothly changed. 

[0132] In another preferable combination of the 
antiferromagnetic layer 2 and bias layer 6, the bias layer 6 
is made of an alloy represented by Pt^n^^Z,, (wherein Z is 
at least one or plural elements of Pd, Ir, Rh, Ru, and Os, 
and the composition ratios m and n are within the ranges of 
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52 at* s m + n s 60 at% and 0.2 at% =s n s 40 at%), and the 
antiferromagnetic layer 2 is made of the alloy represented 
by PtJMn 1(MhlH1 Z n (wherein Z is at least one or plural elements 
of Pd, Ir, Rh, Ru, and Os, and the composition ratios m and 
n are within the ranges of 48 at% * m + n s 58 at% and 0.2 
at% <; n <; 40 at% ) . 

[0133] When the composition (m + n) of the bias layer 6 
is less than 52 at% or more than 60 at%, the crystal lattice 
of the PtJ1n 100 ^ n Z n alloy constituting the bias layer 6 is 
hardly converted into the Ll 0 type ordered lattice even by 
applying the second heat-treatment at 270 °C, failing in 
exhibiting the antiferromagnetic property. The composition 
ratio is therefore not preferable since the unidirectional 
exchange coupling magnetic field is not displayed. The 
composition ratio n of the bias layer 6 of less than 0.2 at% 
or more than 40% is also not preferable since the effect for 
improving the unidirectional exchange coupling magnetic 
field by adding the element Z is not fully displayed in the 
former case, while the unidirectional exchange coupling 
magnetic field decreases in the latter case. 

[0134] When the composition (m + n) of the 
antiferromagnetic layer 2 is less than 48 at% or more than 
58 at%, the crystal lattice of the PtJin m ^ n Z n alloy 
constituting the antiferromagnetic layer 2 is hardly 
converted into the Ll 0 type ordered lattice even by applying 
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the first heat-treatment at 245°C, failing in exhibiting the 
antiferromagnetic property. The composition ratio is 
therefore not preferable since the unidirectional exchange 
coupling magnetic field is not displayed. The composition 
ratio n of the antiferromagnetic layer 2 of less than 0.2 
at% or more than 40 at% is also not preferable since the 
effect for improving the unidirectional exchange coupling 
magnetic field by adding the element Z is not fully 
displayed in the former case, while the unidirectional 
exchange coupling magnetic field decreases in the latter 
case. 

[0135] Accordingly, the composition ratio of the 
antiferromagnetic layer 2 and the composition ratio of the 
bias layer 6 may be selected within the ranges of 48 at* s m 
+ n s 58 at% and 52 at% s m + n <; 60 at%, respectively, with 
different composition ratios with each other, so that the 
exchange anisotropic magnetic field of the antiferromagnetic 
layer 2 becomes larger than the exchange anisotropic 
magnetic field of the bias layer 6 after applying the first 
heat-treatment at 245 °C, and so that the exchange 
anisotropic magnetic field of the antiferromagnetic layer 2 
becomes larger than the exchange anisotropic magnetic field 
of the bias layer 6 after applying the second heat-treatment 
at 270°C. 

[0136] A combination of the compositions that allows 
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the difference between the magnitudes of the exchange 
coupling magnetic field of the antif erromagnetic layer 2 and 
the exchange anisotropic magnetic field of the bias layer 6 
to be more distinct after applying the first and second 
heat-treatments , respectively, is possible by selecting the 
composition ratios that satisfy the foregoing conditions so 
that the composition ratios of the ferromagnetic layer and 
bias layer are different with each other, as compared with 
the case when the antif erromagnetic layer 2 and bias layer 6 
have the same composition with each other. The degree of 
design freedom may be improved under the conditions as 
described above. 

[0137] The magnitude of the exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 can be made 
to be larger than the magnitude of the exchange anisotropic 
magnetic field of the bias layer 6 by applying the first 
heat-treatment. In addition, it is possible to align the 
magnetization direction of the free magnetic layer 5 so as 
to intersect the magnetization direction of the pinned 
magnetic layer 3 by applying the second heat- treatment , 
without deteriorating the exchange anisotropic magnetic 
field or changing the magnetization direction of the 
antif erromagnetic layer 2 by the second heat-treatment while 
tightly fixing the magnetization direction of the pinned 
magnetic layer 3. It is also possible to make the magnitude 



of the exchange anisotropic magnetic field of the 
antiferromagnetic layer 2 to be larger than the magnitude of 
the exchange anisotropic magnetic field of the bias layer 6 
by applying the second heat treatment. Consequently, the 
magnetization direction of the pinned magnetic layer 3 is 
fixed to remain unchanged against the applied signal 
magnetic field from the magnetic recording medium, thereby 
enabling the magnetization direction of the free magnetic 
layer 5 to be smoothly changed - 

[0138] In another preferable combination of the 
antiferromagnetic layer 2 and bias layer 6, the bias layer 6 
is made of an alloy represented by Pt^n^^.^ (wherein L is 
at least one or plural elements of Au, Ag, Cr, Ni. Ne, Ar, 
Xe and Kr, and the composition ratios a and j. are within the 
ranges of 52 at% <> q + j <; 60 at% and 0.2 at% <> j <; 10 at%), 
and the antiferromagnetic layer 2 is made of the alloy 
represented by Pt^n^^ (wherein L is at least one or 
plural elements of Au, Ag, Cr, Ni. Ne, Ar, Xe and Kr, and 
the composition ratios g and g. are within the ranges of 48 
at% <; q + j <; 58 at% and 0.2 at% << j <; 10 at%). 

[0139] When the composition (q + j) of the bias layer 6 
is less than 52 at% or more than 60 at%, the crystal lattice 
of the PtgMn^.^ alloy constituting the bias layer 6 is 
hardly converted into the Ll 0 type ordered lattice even by 
applying the second heat-treatment at 270 °C, failing in 



exhibiting the ant if erromagnetic property. The composition 
ratio is therefore not preferable since the unidirectional 
exchange coupling magnetic field is not displayed. The 
composition ratio j of the bias layer 6 of less than 0.2 at% 
or more than 10% is also not preferable since the effect for 
improving the unidirectional exchange coupling magnetic 
field by adding the element L is not fully displayed in the 
former case, while the unidirectional exchange coupling 
magnetic field decreases in the latter case. 

[0140] When the composition (q + j) of the 
antiferromagnetic layer 2 is less than 52 at% or more than 
58 at%, the crystal lattice of the Pt q Mn 100 ^. j L J alloy 
constituting the antiferromagnetic layer 2 is hardly 
converted into the Ll 0 type ordered lattice even by applying 
the first heat-treatment at 245°C, failing in exhibiting the 
antiferromagnetic property. The composition ratio is 
therefore not preferable since the unidirectional exchange 
coupling magnetic field is not displayed. The composition 
ratio q. of the antiferromagnetic layer 2 of less than 0.2 
at% or more than 10 at% is also not preferable since the 
effect for improving the unidirectional exchange coupling 
magnetic field by adding the element L is not fully 
displayed in the former case, while the unidirectional 
exchange coupling magnetic field decreases in the latter 
case. 



[0141] Accordingly, the composition ratio of the 
antif erromagnetic layer 2 and the composition ratio of the 
bias layer 6 may be selected within the ranges of 48 at% <; q 
+ j s 58 at% and 52 at% <; q + j * 60 at%, respectively, with 
different composition ratios with each other, so that the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 becomes larger than the exchange anisotropic 
magnetic field of the bias layer 6 after applying the first 
heat-treatment at 245 °C, and so that the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 
becomes larger than the exchange anisotropic magnetic field 
of the bias layer 6 after applying the second heat-treatment 
at 270°C. 

[0142] A combination of the compositions that allows 
the difference between the magnitudes of the exchange 
coupling magnetic field of the antif erromagnetic layer 2 and 
the exchange anisotropic magnetic field of the bias layer 6 
to be more distinct after applying the first and second 
heat-treatments, respectively, is possible by selecting the 
composition ratios that satisfy the foregoing conditions so 
that the composition ratios of the ferromagnetic layer and 
bias layer are different with each other, as compared with 
the case when the antif erromagnetic layer 2 and bias layer 6 
have the same composition with each other. The degree of 
design freedom ma be improved under the conditions as 
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described above. 

[0143] The magnitude of the exchange anisotropic 
magnetic field of the antif erromagnetic layer 2 can be made 
to be larger than the magnitude of the exchange anisotropic 
magnetic field of the bias layer 6 by applying the first 
heat-treatment. In addition, it is possible to align the 
magnetization direction of the free magnetic layer 5 so as 
to intersect the magnetization direction of the pinned 
magnetic layer 3 by applying the second heat- treatment , 
without deteriorating the exchange anisotropic magnetic 
field or changing the magnetization direction of the 
antif erromagnetic layer 2 by the second heat-treatment while 
tightly fixing the magnetization direction of the pinned 
magnetic layer 3. It is also possible to make the magnitude 
of the exchange anisotropic magnetic field of the* 
antif erromagnetic layer 2 to be larger than the magnitude of 
the exchange anisotropic magnetic field of the bias layer 6 
by applying the second heat treatment. Consequently, The 
magnetization direction of the pinned magnetic layer 3 is 
fixed to remain unchanged against the applied signal 
magnetic field from the magnetic recording medium, thereby 
enabling the magnetization direction of the free magnetic 
layer 5 to be smoothly changed. 

[0144] Since the free magnetic layer 5 has a groove 5B 
in which a Track groove 5A having a width corresponding to 
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the track width Tw is provided on the surface opposed to the 
direction for providing the pinned magnetic layer 3 (or on 
the surface opposed to the substrate K), the track width Tw 
can be accurately determined depending on the width of the 
groove 5B in the spin-valve thin film magnetic element 1 
according to the present invention. In manufacturing the 
spin-valve thin film magnetic element 1, the bias layers 6 
disposed on the flat portions 5C at both sides of the groove 
5B of the free magnetic layer 5 are not left behind on the 
groove 5B. Consequently, magnetic moment of the free 
magnetic layer 5 smoothly rotates against subtle leak 
magnetic flux from the magnetic recording medium to enable 
the spin-valve thin film magnetic element 1 to have high 
sensitivity. 

[0145] Since the antif erromagnetic layer 2 and bias 
layer 6 are made of the alloy containing Mn and at least one 
or plural elements of Pt, Pd, Rh, Ru, Ir, Os, Au, Ag, Cr and 
Ni, the spin-valve thin film magnetic element 1 having good 
heat resistance as well as excellent temperature 
characteristics is obtained. Although the element is heated 
at high temperatures due to the environmental temperature in 
the hard disk device and Joule heat generated by the sense 
current flowing through the element in a device such as the 
thin film magnetic head, the spin-valve thin film magnetic 
element 1 may have excellent performance with good heat 



resistance since fluctuation of the exchange anisotropic 
magnetic field (exchange coupling magnetic field) due to 
temperature variation is small. Since the antif erromagnetic 
layer 2 is made of the alloys as -hitherto described, the 
blocking temperature becomes so high that a large exchange 
anisotropic magnetic field is generated in the 
antif erromagnetic layer 2, thereby enabling the 
magnetization direction of the pinned magnetic layer to be 
tightly fixed. 

[0146] An alloy containing Mn and at least one or 
plural elements of Pt, Pd, Rh, Ru, Ir, Os, Au, Ag, Cr and Ni 
is used for the antif erromagnetic layer 2 and bias layer 6 
in the method for manufacturing the spin-valve thin film 
magnetic element. The magnetization direction of the pinned 
magnetic layer 3 is fixed by the first heat-treatment, and 
the magnetization direction of the free magnetic layer 5 is 
aligned in the direction intersecting the magnetization 
direction of the pinned magnetic layer. Accordingly, the 
magnetization direction of the free magnetic layer 5 can be 
aligned to intersect the magnetization direction of the 
pinned magnetic layer 3, enabling the spin-valve thin film 
magnetic element 1 having good heat resistance. 

[0147] The laminated body al is heat-treated after 
sequentially laminating the antif erromagnetic layer 2, 
pinned magnetic layer 3, non-magnetic conductive layer 4, 
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free magnetic layer 5 and bias layer 6 on the substrate. 
Therefore , the surface of each layer formed between the 
substrate K and bias layer 6 does not contact the air during 
the steps for forming the laminated body al. Accordingly, 
the manufacturing process is simplified and reproducible 
since cleaning of the surface of each layer by, for example, 
ion milling and inverse sputtering is not needed, in 
contrast to the manufacturing method by which the layers may 
possibly contact the air. Eliminating the need of cleaning 
step by ion milling and inverse sputtering makes the 
manufacturing method excellent by eliminating failures 
caused by the cleaning steps such as contamination by re- 
adhesion or adverse effects on the exchange anisotropic 
magnetic field due to irregular crystallinity on the surface. 

[0148] The recess 6A having a width close to the track 
width Tw is formed by removing a part of the bias layer 6, 
and the track groove 5A having a width corresponding to the 
track width Tw of the free magnetic layer 5 is formed under 
the position corresponding to the recess 6A. Consequently, 
the track width Tw is formed with high precision since the 
bias layer 6 is not left behind at the bottom 5D of the 
track groove 5A even when the thickness of the bias layer 6 
is irregular, enabling the spin-valve type thin film 
magnetic element 1 capable of complying with high density 
recording to be obtained. The element is also easily 
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manufactured because the bias layer 6 is completely removed 
by a simple method. 

[0149] Since the thin film magnetic head comprises the 
spin-valve type thin film magnetic element 1 provided on the 
slider 151 , the thin film magnetic head is excellent in 
durability and heat resistance while exhibiting a sufficient 
magnitude of the exchange anisotropic magnetic field. 

[0150] While one layer each of the pinned magnetic 
layer 3 and free magnetic layer 5 are provided on and under 
the non-magnetic conductive layer 4 in the direction of 
thickness in the spin-valve thin film magnetic element 1 
according to the first embodiment of the present invention , 
these layers may have plural layer structures , respectively. 

[0151] The mechanism for exhibiting a change in giant 
magnetic resistance is based on spin-dependent scattering of 
conductive electrons at the interface between the non- 
magnetic conductive layer 4, and the pinned magnetic layer 3 
or free magnetic layer 5. A combination of the non-magnetic 
conductive layer 4 comprising Cu and a Co layer is an 
example for exhibiting large spin-dependent scattering. 
Accordingly, it is preferable to form the non-magnetic 
conductive layer 4 side of the pinned magnetic layer 3 with 
a thin Co layer 3a as shown by the double-dot broken lines 
in Fig. 1, when the pinned magnetic layer 3 is made of a 
material other than Co. It is also preferable to form the 



non-magnetic conductive layer 4 side of the free magnetic 
layer 5 with the thin Co layer 5a as shown by the double-dot 
broken lines in Fig. 1, when the free magnetic layer 5 is 
formed of a material other than Co, such as a Ni-Fe alloy, 
Co-Ni alloy, Co-Fe alloy and Co-Fe-Ni alloy. 
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[0 0 3 4] £ MC X ±E©^fW<^aUHSE«** 

*fc*3v*Ttt* «ti^7^sii, Tia©&j£a;2>s>fc 

X oM n 100-n 



(6) #12 0 0 0-3 4 8 3 0 9 
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i&U Xtt, P t, Pd, Rh, Ru. I r s Os©5 
*>©'>*< t t> l®^±©7C^-efo5. iS^it^^-t-m 
tt\ 5 21^^%^m^6 0K?%-CfeS. 
[0 0 3 5] ±ffi©* tTV/</U^Sl*R«ft*^ 

P t dM n 100-a-oZ a 

{it, Zfi. Pd, Rh, Ru, Ir, Os©pt>©^ 
*< £ t> l«*fctt2«EU:©5c*n?;felK &#Jfc&^ 

10 -t~m. ntt. 4 8JS^%^m+n^6 0]g^%. 0. 2 

fl, 4 8Jg*%^m+n£5 8IK^%. 0. 2JK*%£ 
n£4 0B*%T?fc5. _ 
[0 0 3 6 ] iE(D^lf^<;^iiI 

P t iMn 100-a-nZ n 

<aU Zfi. Pd, Rh, Ru, Ir, Os©?*>©4> 
fc< fc t> l«*fcl3:2«t±©5GjR-T?;fe!K &j£Jt£^ 
20 tm, nfi. 5 21^%^m+a^6 Off %, 0. 2 

[0037] ±e©^e , ^^ysnwg«j5*^ 

P t qMn 100-q-jL j 

{B.U Lf* % Au. Ag, Cr, Ni. Ne, Ar, X 
e. Kr <Oyh<0^tH< k i> 1 fctt 2 Ji©5c3?s 

-C$>!K ja*Jt«r*i-Q* J tt, 4 8®^%^q+ j ^ 
6 02^^%, 0. 2ff%^j^l0l^%-CJtt)5o «t 
30 9^^b< ti&^tt:$:^i-q, j tt. 48If%^<i + 
j ^5 8IMs 0. 2gM^i^l0l?%T?$> 

So 

[0 0 3 8] ±EO^t*^^SlfKI^f 

P t qMn ioo-Q-jL j 

Lf*. Au x Ag, Cr, Ni, N e „ Ar, X 
e. Kr©?t>©^*< fc t> l@^fcfi2@et±©5c^ 
-C$>9. m^it:«:^i-q. j I*. 5 2JR*%£q + j ^ 
40 6 01^%, 0. 2f?%^j^l0gMtfc5. 

[0039] i < -hcoxtr^A-^fflitiRafa* 

&©firt*l«l-& + 5lfr&fc:tt:, ife© (D-@©m^^^ 

^©aj^Jt3&5£iT©©^X$>5r t3&50^ bV^ 0 
X nM n ioo-o 

(aU Xtt. Pt, Pd. Ir. Rh x Ru, Os©p 
*>©#£< t t> im£t±©5n^*Cfc!?, EW^/Ttm 
50 12. 5 2Jg^%£m£ 5 8^%^fc5 0 ±fS© 
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£Xf'<4Tx%0&j&tt%7F-rm&, 5 2 
W%gmg5 6. 5 5 r k&±*)&$. b 

[ 0 0 4 0] ©STL. E»«ttJi*5J:^-f r^JiSr* 
P t qM n ioo-Q-j L j 

fiU Lfi, Au, Ag, Cr, NU Ne, Ar. X 
e. Ki (D?*><D'pti;< k t lU*1tn2m$l±(07C$ 

5 8®^%, 0 . 2IW^ j ^ 1 0^%T?3t>S o * 

q x j &*?-5 2%^%^ q + j ^ 5 6 ; % 0 . 

2m*%£ j ^ 1 0^%Tfo5wiiSJ: bV\, 
[0 0 4 1] <3)£fc. raMfc^^T^i^H 

P t bM n 100-m-n Z n 

at. Zfi, Pd, Rh. Ru. I r. O s <0 b *><0& 

t i>im*tctt2m&±<07u%vibr) . &&&&& 

i-m. nfi, 5 2 ]£^%^m-f n ^ 5 8]^%. 0. 2 

%£m+n^56. 5^^%, 0. 2If%^n^40 

[0 0 4 2] E»«ttJifc^>fr^Ji 5 

^&(D&j££&fc£>b£>5^KWu ©~©<D&* 

*K X*5, Pt, Pd. Ir, Rh N Ru s Os<0?*> 

5 21g^%^m^6 0m : f-%O&&'?*>Z b&K, 
Si&m&miK ®.&*,X B Mn ioo-.-0*E$*t. Xtf. P 
t. P d, Ir.Rh, Ru, O s (O 5 *><9*i>fc < k t 

E^^O^ttSr^i-m^, 5 2|^^%^m^5 
5. 21^^115 6. 5l^%^m^6 0I^%t 

[0 0 4 3] /WT*JIj&5, &j£5£P t qM n 

100-q-jL j"C^$tt. Lj&s. Au> Ag, Cr, Ni, 
Ne, Ar, Xe. K r <D ? ^<D*J>ft < £ t> 1 il£ fcf* 
2@£il±<07n3??-efot). m^tt:Sr^i-q; j 5 21^ 
q + j £ 6 01R^%. 0. 2IM^j^l*0fi 

dMn lQO-q-jL j-C^^tt, Ld 5 , Au N Ag, Cr, 
Ni, Ne, Ar, Xe. K r <D ? *><0&te < HH 
£*:H2fI£t±(D5c$$-e$>9. Mit«r/Ttq, j A 5 , 
4 8I^%^q + j^5 8H^%, 0. 2K%^j^ 
1 0I^%©^t?fe5C fcj&sff*LV\ 



(7) 1^ ^2 0 0 0-3 4 8 3 0 9 

12 

ttJi<0&j£tf:&^H-q. j 365. 5 2l^^%^q + j^5 

5. 2J£^%. 0. 2i£^%£ j ^ 1 0i£^%£fctt5 

6. 5J£*%^q+ j £6 0^*%, 0. 2®^%2Sj 
^ 1 OiWfcS: irsPJ: *>&$bv\, 

[0 0 4 4] ^ T*Jf &f£3;P t n,Mn 

loo-a-nZ n -e^£*V Ztf 5 . Pd, Ir. Rh, Ru. 

0. 2lf%^n^4 0W%O**T*5fc 

io t t>t-, m&m&m&s &j£a;p t B Mn i 0 o-»- n z d t 

^$iX s Z*5, Pd, Ir. Rh, Ru, OsOH® 

2 n ^40 5 w t b 

*fc, K3ft«ttJi©ia«Jfc«:^"rm, n*s, 521 
H^m+D^55. 2ii^%. 0. 2Jg^%^n^4 
0lWtfcll5 6. 5l?%^m+n^6 0I^%, 
0. 2IH^ng4 0^%tJ)5:^J;5^l 

20 [0 0 4 5] ^f?)^ ttfiaRHtt* S*±IC, E^iKte 

St. sjgttttJit. ^a^^s^t, 7y-«tt« 

T^Jii:*JHft«Ji'UT«[Ji#«r»*i-5Xe 

«rE«Ji*icb9y^«*fitiaS£i-5*ift-ras>5 
mioa#^PP^iboo N SloMlU'CMI 
b. iffES5ft«ttJi*sJ:V/<-rr^Jilc*lftJ|*tt«» 

2SE***tt«*«r«E^>f T ^Ji J: 9 
30 S5*»^tt«* J: 9 t>** < »»R»«ttJio*»** 

(omiisj: i? t ) ^v^^2<o^^am®•c^^a^b, 

[0 0 4 6] -LIE*)* f V/<^S!#Kal5**«)*3t 

tc s Pt % Pdx Rh. Ru, Ir x Os. Au, A 
g, Cr s Ni, Ne. Ar s Xe. Kr ©H^^'i 
< t t> im*1tn2m&.k<07Z$k. Mnilrttf^ 

U&n, 2 2 0 , C-2 4 0t^ffltfc5:tWl 
50 «3S*tfe^*^^tt. »E*2 0|»«!!3ffi«k*W:s 2 50 
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t-2 7 CCcO^ffiTfcSr £j&5#£b^ 0 
[0047] 0 17 W\ h J*Mx \f ^/Oi^SUSiBtt 

aaB^oEawa-B (■!?) o«*ji3Brtt«#tt. 2 

0 O'C-CgEt-asmL. 2 4 0 left 6 0 0 (Oe) & 

ffl^trv^^S*JK«a*^J: 9 t^vv (Sfctt/ B 
5tateSc9±fc:S5&«&Jl^E^£*i*:) hy^t 

*tt«*tt, 2 4 oncftifilfJKau. ft 2 6 CCftiffilC 
*5^T<fc p<^< 6 0 0 (Oe) fclfijLTV**. 
[0 0 4 8] ZOX 5fc. 'K&tt&JgfcSCfcoEKds 
>Svn (tfcU, B&W££0Tlc&&fttt8a3£B$*i 

[0 0 4 9] **Wo^if^/</uyiliWR««*^fi. 

*T?;fe!K «iE£&tttt££ft&& *i sti- 
ff t mmoMW^ * otws ft r * b 

Sft, Ea«ttBfcS«fc©B*## bAg*tfv^ 
[0 0 5 0] Ufc^oT. #3g§F§<D;* ^^/^/V^fl^Sg 

«^B*©»e*ifclcfcv*T*.fl^ii\ &i 

*0boo, IlOH^III (220-240*0 Tfiu 

^M^WH6 0 0 (Oe) #±&*!K /<^7 
^J§©*»**tt«*H:l 0 0 (Oe) ^Tt^O.S 

S^#i:i£^i-5^rBl©ll2<Da#^^^Ptoo. ^2£D 
(2 5 0-2 7 0*0 T?i&E©aJi«:tJftfc 

a+s** /vr^§^M«W6oo (o 

**ll*tt«*J:!l t>*'#<3&5. U^ot, 7!)- 
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[0 0 5 1 ] iOil, *2©«*«rit©lfcte31lCT38 

H <o m it & irj £ @ £ u fc * s »c + * r t & «r fg t 4 5 o 
cor itc<fc 5, e««ttJi©*fls*ifti:7y-«[ttji 

[0 0 5 2] LfeiSoT. ±E©^tfV/<^S!*K« 
SaB^Oltit^BcTtt:* BfcttfcBftfcP tMn^/i 

[0053] ±E©*ev/^:/£*K«ft** 

20 ©»it#tfcW: % S«±Ki, S£W£B 
#fi£&^SJ§i:, 7!>-«ttB*. *4T*Mk* 

« ^ fiu E^-r r * /§ t <o in ic#j* ^ s &m <omm 

[0 0 5 4] ±E<0^f^/<yV^M^^5f?^ 

Tf-^e-r 5 «r»7 y -a^t- ^tc+i^-r^ 

K:tf&otAJaE>.5»*"Ct, »Eh9y^*OJE«fc/< 
PJ^t?#, i«E»**ftic«-«Rrffia!e^trv/^^ii» 

[0 0 5 5] ^fc, 4:»n<0*filfit5S^y Ktt, 
50 :tT, |&^tt*5ctt;i&^tt(Cffiits +»3tC****tt 
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[0 0 5 6] •; . 



&m 2000 

16 



3 4 8 3 0 9 



i^m<onm<omm] sat. ^mo^^^^^mm 

«**65.fc»*©«i6«r^Ufc»fiBHTf*!>. B6J3* 
150 7 ft. *36WOXtfV/</u^a!*K«a*^S:«3L' 

^^ffl*K«S5*^©±TKitt, SALTS' 

* -^KJiasaMcSft; ^tr^/^^snHsaatft*?-. * 

* y^'jiV ftW^'*' KJl^ SiAA'GMR^y Kh 
l#fll#$ft-CV>-5 0 #*5. iuM«OGMR^yK 
h lie, fB»ja©-f ^^-f :/^3> Kh 2€ra[JiUT 

[0 0 5 7] i^^tfV/^^fiffKWfl^t^WU 
T^SGMR^y Kh lli, 0 6 0 lc. 4V? 

PTsCf^y Kh 2 t^:^7^1 5 lO^-jy 
^flOSgglSl 5 1 dfcRJtb*LT#tt«fL^!/ Kl 5 0£ 

T. ^^fa^3K^cO^«i^i&i«:^^Z^f$i^fc5, mis. 

[0 0 5 8] sei^tiiKl^y Kl 5 Of*; *7 
-f^lSlfc, *?-<^l 5 l<D«g® 1 5 1 &\cmZ.h 
JitGMR^y Kh l&^y/^f^f^s' Kh 2«r 
3Lftb t'xm&istix^Zo 5 Sfl, X?-f ^1 

5 1 ©««E«tt(*:©»»*|SQO±««t?*>5 y -7*4 
* V^<U$r^U ft-g-l 5 6 J4. !J i^ffiflSr^LT 

V*£. r©X9-<^l 5 lOKfr^Sliil 5 2fctt % U 
-^15'1 a. 151a; 15 1 bJ&^ffc&ft, 
/um±mtt, ^T—?/l>—7 151c. 1 5 1 c i: Sft 

[0 0 5 9l"H7lC^i-J:5^ GMR^y Fhlli, 
*9-f ?\ 5 1 (O^mi 5 1 d±(c»riS*ixfc«tt'&4k 
i^<£5TSB^Kil 63L TWS'-A'KJi 1 6 
3I^I$tvfcT^tyyJil64h KftftftiSl 
5 2^t,Siait5^f y^/V^fl^^^ 1 * 
tfw<>u^a#IR«**^l&^T«^iryrSl 6 4 
«5±»^^11 6 6 fc. ±tt*+5>:/Sl 6 6 
«r«5±«i/->uKJi i 6 7 fcfcfefcjfciSftTV^. ± 
SRV— A*KJil 6711, >fyy^f^^y Kh 2<0T 

[0 0 6 0] ^^^^f>f^J' Kh 214. TBB=aTg 
<±&^-^K/l) 16 7h TSU3 7ll6 7lc«(i 
£ftfc**y:/Jil 7 4 t. 3>f/H7 6fc, a-Y/H 
7 6*8 9±«Bl&lftJIl 7 7fc, ^t^ll 74« 
£*£ft. i>03^n 7 6 ffflfcTT&^T/i 1 6 7fc« 
£*Sft5±8iS=iTj§ 1 7 8 ^fcflMcSJVCV**. n>f 



37117 8<Og*8gfll 7 8 b#T&=i7J§ 16 7fcl 

««ncSiig£ftTv^ 0 ±« = rj§ 1 7 8^n. 

[0 0 6 1 ] Hi 1 fcjaH"* tT V'^z/fifcMK*** 1 

tt, £&afc&i. s£*tts. #«tt»*s, ^y-ss 
tea**— ■-foawasftfc, v^t>i3>a#hAa[o^v^ 

co «fls*i«a mar l t aur 5 * A k:» *. $ t> <o -e fc 5 o 
ansa by y*m<omm&mmvibz^- f^tx* 

[0 0 6 2] 01 t£*5V^, ^FH§-K«:S^€r^ L"0* 
5 0 r <DgfcK£>±lcf4. Al 20 3*^5»45Tifllft 
M2 0 0. T«5'-A' Kl 1 6 3 . TSC¥* y^l 1 
20 6 4, K3ft«ttji2##jS$ftTV>3, Sbfc. WIBR 

3£«ttJi3©±lctt:, *tttt«SJ!4^A$iL. Sfe 

k. fitria^att*«l4<o±^«. 7y-i^g5« 

j££ftTV^ 0 Suffix y-W£J§ 5 tt. S3fe*ttJi3#' 

ga is $ ft x v > 5 ^ irj t s at « <o m t> u < a «r » s c k ^ 

A*sSB!«-bftfc»«i55Bi:, ^Oi^{ffiI<?5¥a^5C. 5 

c t ^rttTv^5 0 ' tijia^ y 5 <o^m.u 5 c. 
5cii^, r*j§6. 63PRwe>ft."«ria^ 

30 ^7^16, 6(0±JilH. «SJi8. 8^^$ftT'W 
5o 

[0 0 6 3] fiuiag^KH. ,A 1 2O3-T i C*-fe-9^ 

[0 0 6 4] itSffas^a^i 2 p t , p <i C 1 r . 

Rh. Ru, Ir, Os, Au. Ag; Cr;NiV N 
e. Ar, X e; K r <D?h<D'pl£< t t> li*fctt2 

Mn t «r'frtr^^&^6 ^T$> 
5„ cftfe-©*4fcii>&fc5RttfcttB2fi. i&^te. B 
*ttlc*ft5i:V^5*«"Sr#brvV5.' 
40 [0 0 6 5] ^fK^, liifaK5ia^l 2 tt, Tfe©ttrt5£ 

XbMd 100-n 

Xfci, Pt. Pd s Ir, Rh x Ru. OsCO^ 

So 

[0066] jEtc, guias^a^i 2 14. Te©ttrt5t 

50 P t dM n 100-a-ijZ n 
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<&U Ztt, Pd, Ir. Rh. Ru x Os©pt>©*J> 

tm, ntt, 48g?%^m + n^6 0I^%, 0. 2 

^i"m. nfi, 48Jgf%^m+n^58gf%, 0. 
2D^%£n^4 0JE^%-Cfc^ o 

[ 0 0 6 7] *fc, ure^MttttJB 2 TEoia*^; 

*» 5> ft 5 & o X t> J: V> 0 

P t q M n 100-q-j L j 

ffl-U Lf*. Aus Ag x Cr, Ni, Ne, Ar, X 10 
e, Kr©?*>©^ft< £t>ia£fcf*2a&±©7C3£ 

q + j ^5 8j£*%, 0. 2H^%^ j £ 1 0J£^%*? 

( 0 0 6 8] tfi&mfcm&m 3 cogs, n 

iFe^l CoNiFe^l CoFe^l CoN 

tt. R»«ttJi2K:»bX»***u. «»*»tea«rlfe 20 
-t-r^tcj;?). lueB£«ttJe3 2:gtreSS$lttttJi2j: 

9«fls£*t*o**. »BBB£«tt*3©afc#ftH\ B 
^y^IrU +ftfe*>«a»«E*^fe«n5*ift W b# 
fa) fcB3££*tTV*3. 

[0 0 6 9] M8S#tttt*«Ji4»:. Cufc£© 

[0 0 7 0] |u^7 y -fltttJi 5 f±. guf5@£aS 

ttJi 3 t.K«©#K.ftift»^rt$*t5.r t UV\ 

^tfME^y^attastt, 7*j§6 ^o^r^tt 30 
JUcfcoraflsSiv B^X lXfabBLttXfo. i~*t> 
fe.B£&{££ 3 oa^lfil £ £S§i-5*fllca<fc*fl# 
.»*.$>*vcv*3. *nB7»-att«5#tte'Mr*Ji 

V-rX©«£#K#*i,5. 

; [0 0 7 1] rxS6W\ «ri&K9ftttttJB 2 i: 

B«JC % P t , P d x Ir, Rh. Ru, Os, A u, 
Ag, Cr, Ni, Ne, A r , Xe, K r © ? ^>©4> 

ft< t> m*tci±2n&±<07zmts Mni^ttf^ 

^4»bft5 t>©*T?fc!K ttli^in^SfCJ: 5, 7y-i 40 

T\ ClHfe©^4fc*»6ft5/<^rxJi6H:. m®&s ® 
[0 0 7 2] Z*H 6 TEtOM^ 

X dM n ioo-o 

<B-U Xf*. Pt, Pds Ir> Rh, Ru. O s <0 5 
*>©4>ft< t t ia^±©5c3!?-efo9 . a^ifc^r^-t-m 
Mt, 5 2]g^%£m^ 6 0J^^%t t fc-5o 50 



j [0 0 7 3] S&fc, /^T^)|6li, 

' &ft3£&^'fc-5ie Vftv* - > t v 

P t oM n 100-ji-n Z n 



{&U Zlis Pd, Ir. Rh, Ru, Os. Au, A 

©?£«-?$> !K firtifcfc^i-m, ntt, 5 2^%^m 
+ n^60Jg^F%. 0. 2«*%£n£ 1 0H^%-C$> 

So 

[0074] /mt*S6H\ Tia©tarta;j&>e> 

P t qM n 100-q-jL j 

(B.U Lf± % Au s Ag N Cr, Ni, Ne, Ar, X 
e , K.r.fiPj £>:04M&jC l**fctt.2.ai^07C*, 
. a^ifcSr^-t-q. j fi s 5 2Jg^%^ Q H-j^ 
6 0If%, 0. 2I^%^j^l0IWefe5 o 
[0 0 7 5] lu^^Sii8. 8tt, A 

u, W. Cr, TaftifT^$ix5ri:^»^UV^ 

[0076] c: i"<A>7mmmm%m* 1 k:*sv^ 

4, B^fK^3tC^^^^^X.t>tL, B^Z^fRlJC 

j> -«ttJi 5 rt-etoafk^r^o^JSi t 3 <o<K 

[0 0 7 7] *^^©^^V^/uy^JK«^^ 

frzfmm&m%m=i- 1 jc^tta^sfeateii 2^ 

$ ^fil^ bt ft £ tifc t>©t?fo 9 . 

i*e©»«!a-cBS«ttS3©«fls3rift«rBfeu. 2 

[0 0 7 8] fipfe, **W©^tfy^^ffi*ig«55* 

^ 1 ©*3s*ife'T?tt. s«k±(c. K»«ttJi2fc, m 

JgrtUfc©t», ttR«p#a(lKlhpy^«Twiri«ilfc 
■ie*r«*ftX*.5».;l©«*^Ili80Uoo. ^1©3^ 

^Mtt'i&it, MrER»«ttJi 2 *s.t t^/<^rr^ 

S6fcSS»**tta»«:*^$*T. gjrCB£ttttA3 

t*fc. tiressftatttjf 2©^»A#tttt»«rtte/^ 

[0 0 7 9] ov^, h9y ^«Tw#l«a T 
*M 6 ©2fl5iftA*ttat»i: 9 t>*t < ffi!B£&ttttJi 2 
©SE»A*tt«#J: 9 1 t)/^$.V^^2©^K|fl«:R]^^bo 
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! U«B7y-«ttJi5K:ttEHte«ttJi3© 

! [0 0 8 0] Sfcfc, H3fc^+J;5fc* JRteSSftfc 

tu^^ 2 5 0 $:^t5o £ b 

T*J§6 (O-glSt^tT b 7 y*«TwfciEV* 
«©lffl«6A*«tf+5J:fc fcfcl* r©0fl«6 AOTlc 

U US?* bftif©-^*;?' 2 5 0 &^t5« 
[0 0 8 1] tiii&hvypms Af*. b7 3^«Twfc 

65Eh77^i|5Att N 1 0-5 0 Amm<om$ 5HT 

V> c — IMBb^y^WS A# 5 0 Aggfr&xS^ 
<*5HXfc3£. -ftv? y l/fKW^yT-yymZ 

[0 0 8 2J o^T% B5K/7tJ: 5»C OAS!! 6 A. b 
7 y A*5<fctf/^T;*JI6 ©¥««© — »£*!> 

-Ltf 5 J: o tcy 7 b 2 5 1 ^^t5o £ 

fc»*J§8 *rJM5i-5. *©^. P7ht7l/^h2 

!• 5 l t**t5t, 01 ©<£ 5*»C^-f r^B6± 
3. 

[0 0 8 3] Act. ^ttttttfl^M^a&ft&^ttll^r 

&fi£#£©g§GUco^-c x hi 7, hi 9. H2bfc#" 

7 V -«ttB©IBK:EBattJi*EB Lfctf b Al'^y 

tr ^^^^Rttft^^osftJi^ttaffoiftfti 

3ffift#tt«ra*U Hi 7K^Lfc*Bm. 7 U -«ttJi " 

^^^^^^»K«55*^oR5ftatttJiHt, as© 

§J;n> S«*»fe»*Lfctt«icsutfen-cv^5r tic 

[0 0 8 4] ^ffcftKfi, Hi 7 Lit^m^ £ ft 

s by^ffl^tfv^^swjsa^sff^tt. 0 i 9 

-t£?\C^ SiS«K©±«C. Ai 2O 3 ( 1 0 0 0) 3&» 
fcfc5T»!ft8k8 2 0 0, Ta (5 0) 3&^/j:5Tii 
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2 10, N i Fe^ (7 0) *5<fctfCo (10) ©2 
JB*»fe*<57y-«ttJ§5, Cu (30) 
I4^m^4, Co (2 5) 3&»5>45BJfe*ttJi3, P t 
SMMnae (3 0 0). ft 5K»«ttJi 2 , Ta 

(5 0) *»5>4««»Ji 2 2 0©)BK:»rt**T,fc«*© 

[0 0 8 5] HI 7lC^bfcBBn*^$ii54f b 

fc* S i*«K©±Kl, Al 2O3 (1 0 0 0) 
10 TiMi2 0 0, Ta (3 0) i^/^Ti§2 1 
0. Pt 55. 4 Mn 44.6 ( 3 0 0) *»&&3£&tt<£JB 
2, Co (2 5) *»5>ft5BS«tt«3, Cu (26) 
S******^? C o (10) *5i^NiFe 
(70) ©2**»6«i57y-«ttS5. Ta (5 

o) *>e>&s&Bj§ 2 2 o©«ic»rt**Lfc*rt©t>© 

Tfc5o ^?m£-Jl©J£££^U 

ba-AT$>5 0 
[0 0 8 6] *fc, HI 7 ^Lfc*pp-C;^£*L3 by 

20 wnaB^ft, &KK&Kttttti:A2 ^raic7y-a 
ttJis, #&&^m/§4. B£»ttS3#*s*vtjMc 

£*vo*5. — Hi 7tc^LfcB33T^£ft3#b 

flSfcEBSiV S*k 2 ©flat tt, B£ 
MSB 3. *MKtt«BJi4, 7y*-*ttJi5jP»jS$ix 

[0 0 8 7] H 1 7 Jc^-f-J; p ■RJ'Ci^-t-RSft«tt 
M2 (Pt 5s.4Mn4i6) ©£&Jl^tttt#H\ 22 0 
< CSri&^T±#L«:e«K 2 4 Ot^IxS 7 0 0 
30 (Oe) &£fc£oT-£ifc3 0 Sfc, 

3£fi$&/§2 (P t S4.4Mn* 45 .6) ©^***tt«#t4. 

2 4 O'C&ai^T.b^U 2 6 0t£&;t5i: 6 6 0 
(Oe) *lxT-^i*5 0 £©*?£. i«fciEV* 

Hfctt«tEB**bfc'R««ftji'2 : "X^W) fcifcteU 

[0 0 8 8] ^^^©x tr w<yu:/g*K«sa** l © 
«3g*«fett. ±^UfcSS&a^©teS$:fiJfflbfc 1 t)© 

^lfi. £9ftttttS2££«K&©EKtf£^ (^fc 
tt, afe«ttJi©TlcK3ft«ttJi*5EB**tfc)' *bA 
ffl^trw<^i!#K««*-? it?*> ; 6, iftfe£3§i&& 
8 2 $ W«©-&Alc J: o XM& $ *tfc 

|cEB**tTV^5 0 

[0 0 8 9] bfc^oT. tt£8Ni#a 1 JC. 

^l©a#^^ADboo. ffl©|RAL31&A (2 2 0- 
2 4 0t) T?WIB©«Jiffa l&'»ffiai-5t, R»« 
50 ttS2isJ:^-f r^»6fcX»Sirtt«#*5^c, © 
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0 (Oe) &±£:fc!K ^ T * Ji 6 ^£&ll2f£a*# 
1*1 0 0 (Oe) £tT£fc!3, ^M2(D^M^ 

^)^2(Oa#S:^Uoo, &2<0&&3S$a& (2 5 0 

-2 7 oic) -eWESf fra i zm&m-rzt. /ur 

^!6(O$M^ftW6 0 0 (Oe) £JLLfcfc!K 
5fc©&&S(CX$££bfc/M T * Jl 6 0>2£*»J&-tt*W 

**IH\ Sl©«#K^LX£^i-52riR)£fc$ 0 
[0 0 9 0] Z<Db%s »2©«#*5fc©«Ma«fcX» 
£ LfcgfcpifeB 2 tt 
*5tttf, R5ft«ttJi2lc«2©«#3flSBliD0§^Tt>. S 
tt«tt«2©«***tt«»as*flsi-5Ci:35S4< % b 

10 0 9 1] 2 2 0t;~2 4 0t; 

0 0. (Oe) glT^ot, B£ttttJ£3 0ttft*itt< 
*S>1\ @^«t^3coafk^|Rl^2^@(O^^StCj; 

57!) 5 omitum t ra-*finc«fls$nT u 

] 

o'c^jg^at, 'Mr*B 6 

<*ot, ^y-a&Bscoafc^&vN&^aMt^ 

*tt#K<<fc?K «2 9««ka«FKittJE7y-«ttJi 

5©aft*^«resfeattii3©«fl2*i^fc»bx«ii-»- 

1 OJ^^SSSSr 2 3 0*0-2 4 0 t:o@ffl t -Tfttf, 
»Itt8 2OSftA#ttlB#«r4 0 0 (Oe) 
n:i , B£tt££ 3 ©Kftf ^(t«*.«r*% 

[0 0 9 2] *2©»teafi*f± v 2 5 0t-2 7 0 <C 

©«fflfci-5r ta«#*bv^ K2v>mtemm&& 2 5 

0«C^X;fc<S /MT*B6©***#tt«**4 
00 (Oe) £A±Kl-f S:t^f^<^cT, 7y- 

^^y-^tel5oa<b^i«j€r, S£«tttJi3«E>«ih^r 

l^^it5^lRl(cIx5:H^^,< *5©X#* 
U<fcV\, I2^MW2 7 OtStBitX 

[0093] mi 8**b^«**t5 J:?^ £3fc 
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Jl 6 J: i»o» 1 

V^ct p fcflS 2 OfKfcftiJlK: t oT^ LV^B* - 
t>X£<5 0 

[0 0 9 4] iB«!iIU#2 4 5t^fctt270 

#*OB«fcoi>xBl 8 Sr#i!SLXi£L<ift01i-So 

a^ASuttf asi«\ 7y-ittij;ns8^e»**i 

io ±^s^«s^J§* 5 sae$tLfe) hy^fiw^^tr^ 

lft<0^«r^i-t)©X$>9. @^Af?fi2 7 0*C. @ 
a*Afl)H:2 4 5^X^pbfct3.©Xj>5 0 BJiQSJja: 

fc) 3l?hAI^y^ewWiIlli^<o« 

Ba*OI9l±2 7 Ot:. @^#6Jf±2 4 51CX&&3I 
Lfct>©X&ao 
20 [0 0 9 5] *#«llc«: % AfP&tfAEpx^Lfc h y>f 

£s S i £KKO±lc % A 1 2O3 (1 0 0 0) 
TiM§2 0 0. Ta (5 0) *fe**TiflJi2 1 
0, N i F e£& (70) *5 «fctfC o (10) <02%fr 
t>t£Z7V+-m&MS* Cu (30) 

SB 4. Co (2 5) J&>bfc£ 3, Pt ffl M 

nt (300) a>€>&S£9ftfl3M£Ji2« Ta (50) * 
££*&&Ji 2 2 0<Oj£fc:^j£$*t/c«i£<Ot>©Xfc 
3. 

30 [0 0 9 6 ] — Of^&U^fPX;^ Ufctf b fcT 
V/</u^ffifHg«55*-?-«t % @2 OJC^-fiplc. Si 
m&LK<0±\Z^ Al 2O3 (10 00) ^U^TW^ 
12 0 0, Ta (30) *>&&3TJfiJl2 1 0. P t 
Me t (3 0 0) ..^ftSK9M»£Jf 2* Co (25) 
*&*5B«*teB3* Cu (26) 
Si4, .Co (10) fcit^N i Fe^4t (.7 0) .©2 
B*»feft*:7 3-*ttJi5. Ta (5 0) *>&ft3fMI 
12 2 0©J@^#£frfc«#(0t>©Xfc$ o 

40 

[0 0 9 7 ] *&WOX 1 © 

^it^ifex,tt, Bl 8K:^i-2j?bA^^ev/</v^M^ 

©Ra«ttB©te«ft«jauxv*a. i-^t^^. h ^ 
^i#B5i«^im KBattJe'2Ki«^$tLa 

^©&AtSB»:. 01 8tc^i-2j? h Al^ey^/^ 

<. «na^-<r^Ji6»cttffl$*ua^^©iaijs«BH:. 
50 0 18 tc^i" b y ^§1^ tr^/<^^a*Rat«*^oK 
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[0 0 9 8] mi8frbWbfrt$:& 5t-. 

SuiaRMfc&B 2 &X B Mn ioo- a ({B-U Xfi, Pt, 
P d, Ir.Rh.Ru, OsOH© / >^< £ t> 1*1 
&±©tg30 J&^ft5£&£ bfc£#f*s &i£lt£^i- 
4 8l?%^m^ 6 0^^%*CfcS w k b 
mflM 811?%;fc8f**:f*6 0j£?%£*±£i8** 
&&SS.g2 7 0<CoH2<0&&3&?ToT 1 t>. x 

oMn ioo-»oi*a»^^l i Momm&^tmmit 

UfcX <ft 9. R»«tt«tt«r^*ft< ft 5. EP*>> - 
*rRl*»»'e'«#€:^&ft< ft*©-?*** b< ftt\, 
[0(f9 9] mfei^ff^'tV^Hr*. 481? 

<D&&S€rfroTt>. X B Mn ioo-i.©#*»^#L 1 o 

^£ft<ft5 0 BP*>. (J£»ft*tt 
«#) &^£ft<ft5©T#*U<ftv> 0 
[0 10 0] ^UI^^y/V^Mllil 
?©£3£iK&Jf s +ft*>t>ttCR5ft«ttJi 2^Pt *M 
n loo-n-nZ D Z f3u Pd, I r x Rh, R u, 

0 s ©5t>©^ft< t t>l**fctt2«6lJ;<05c*) £ 
Ufcfcft* firtJfcfcarfm, ntt* 4 8^%^m+n 
^6 01^1 0. 2I?%^ng4 0gf%-Cfc^: 
4:tf#*UV^ m+n#4 8JR?%*i»*fctt6 01? 

m&mum2 7 0t(Dl2^I^tT 
oTt>, Pt mMn ioo- a - n Z n <D3^i,^?^L 1 oS©j^ 
mfe*^kMmikVK< <ft 9. £&8$&#&*r^£ft 
<ftS 0 fip-fe." -*fitt^ft**«*«r^*ft<ft5<0 
T?#*L<ftV\,* n#0. 2JR^%*«fT?J>5 

*>s **»* : tt«*«^*fr<i-a»*as^-»K:sl^^ftv^ 

[0 1 0 1 ] m+nOj; 9#$ LV^f&Btt* 48 

I?%^m+n^5 8I?%T?fc5 0 m+niM8gf 

•C^mi^l^i&a^fToTt. Pt «Mn 100-n-nZ 

»i»f*Ll o«©*fll*?^fc*MfcUlc< < ft 

S3ft«tt«tt«r^*ft<ft5. £P*>, -*fitt*» 
*£-a*fl£#&^<*ft< ft3tf>-C#£U< ftv^ 

[0102] tfc, aKhAfi^tT^/u^fiHEKaa* 
*-©E3ftttttB. ttfCS 9AttttJB 2 £ P t g M 

n loo-Q-jL j ({at s Lti > Au N Agv Cr x N i , 
Ne, Ar % Xe, K r <0 ? ^©^ft < k 1 @£ fctt 
2®£Jt_hOT£^) i b^i:#. m^it^^-rq , j f*. 
48g?%gq + j^60l?%, 0. 2Jl?%£j^ 

1 0I£?%-Cfc£C UVN 0 q + j d54 8l?% 
*J«*fctt6 0H?%&&xS k. M^SitSLC 2 7 0<C 
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(0^2 CO^^SSr^ToT Pt qMnioo- Q -jLj^ 
SWL1 offl©«M*?— fcaMflSUKK < ft 
R»«tt«tt«:^*ft<ft5. fiPfe, -^IrI^^^ 
#£^£ft< ft5<D-C0£U<ftl\ j'tfO. 2 

^'a•a^^oefi:^f^m3& 5 -i-^^-^^^ftv^^D-c^f^ l< ft 
##ffiTtrt*5©-e»*t< ftv^ 

[0103] tfc, q + j Ll^fSHtt* 48 

10 m*%£<i + j £ 5 8mT%-?hZ>o q + j3&S48I? 

5 8 Mit$2 4 5 

<C©$1 CO&ftim&ftvX Pt qMn 100-q-jL j<0 

«^«#«r**ft< ft50t?ff* b<ftvs 
[0 1 0 4] 01 8j&>£>9ie>a>ftJ;5K x hy^e 

^T^^6«rX „Mn ioo-» ({H.U Xtt. Pt, P d. 
I r . R h. Ru. O s © ? *>(D'>4< £ t> 1 @£t_h© 

5 2JR?56^m^6 0JS?%Tf*>5r fcsfi5»*UV^ m 

tl2 7 0<C©&2 ©&&S&*ToTt>. X nMn igo-* 

©«**?#li om<Dmm&*^kmm<tvK< < ft 

i^^«#^^$ft< ftS©T*^^ U< ftV^ 

[0105]^, b^ri^ey^s^a^ 
?©S3iati, fft*>t>«ria/<-f r^j§6«rP t »m 

nioo-B-nZn Zfi x Pd N Ir N Rh, Ru. 

30 O stf>p^(D/>ft< t t> im*yttt:2@eJl±©5c^) 

bfc&S. firtlt«r^"*-m, nfi; 52Jgf%^m + n 
^ 6 0BM, 0 . 2l?%^n^4 0i^?%-CS>SC 
t*#*bVS m'+n^S 2JR?%*J«*fctt6 OH? , 
%SriKxLSi. MI&S2 7 0 < C(OSI2©jKiftl ; S€:fi 1 
oTfc, Pt iMnWi-iZnCftiUMLl 0^©^ 
Sfl*?-tai!lftU.K:< <ft9, R»iEtt«tt***4 

T?#*U<ftV^ n*'0V '2l?%^I-efc5 

fossiiiii, -rft*?t>eGB^-rr^^6SrP t q m 

n loo-q-jL j ((aL, Lf3^ Au, Ag % Cr, Ni N 
Ne, Ar. Xe. K r © 5 *>©4>ft < i t> 1 @* fctt 
2@£t±©7c^) irbfctt, ifi^itSr^i-q. j tt, 
52If%^q + j^60I?%, 0. 2JE?%^j£ 
10g?%T&5rtWU\ q + j#5'2B?% 
50 ^^^^ttt6 0M?%£&x:5 ^feS^2 7 0 *C 
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©iZOlM^fr^tt), Pt «Mn 100-q-jL j<0*£ 
iWLl oSL©a»l*^*aflHfcW£< <ft»K 

a#£^£ft< ft3©^#* L< ftv^ j^O. 

WTUU?©t^t< ftV^ 

[0 10 7] Hi 8**e>H5>a»ft* 5fc. 

ft*?©Ra«ttJim?tt«rsa/<^r^Ji6*x »m 

n loo-* (f-U. Xf*. P.t % P d. J rj Rh, R 

u, o s ©?*>©4>ft< t i>in&±<D7cm) 3&-bft5 

<Oiia^it$r^i-m*5 % 5 2l^%^m^5 8g : f : %t?fc 

[0 10 8] m3&S5 2]R?%*«-cas>5fc, tK^9&A 
2 7 Ot<0^2<D&&S$:fToT fuf^-f T*J§ 6 
S:I^t5X mMn ioo-m(Oi^^<&^^L i oHOftMfe 
*^*ai«<t:W::< <ft!K £&«&^&Sr^£ft<ft 
3, IP*>. -*lRltt«»«*«*«r^$ft<ft5©-e» 
*L<ftl\, miS5 8]|?%^ix.5h ffi«l3l 

&.A 2 4 SlCOfBKOjRtea^ffoT 
2 &Mt5X bM n loo-.OlSAflHFtf L 1 olOfilS 
**-**afl!HfcUlC<<ft!K £&&£*H£fc^$ft< 
ft<5 e fll-t>. -*l«!ltt«*«^«*«r^*ft< ft5<o-e 
#*L<ftV\ 

[0109] «TER3ft«ttJi2*5J:Vttia/Wr 
^®6^. X »Mn loo-.^&fta-fr^fc RSt 
a&J§2:fc,fcO^MT*J§6©&&it&^rm#. 5 2 

V*. m#.5 2Sf X*»-e*«fc, MiIC2 7 Ot 
©*2©»feSfrfToTt>. -^-<T^Ji.6***i-«X 
»Mn ioo-.ottA«^^L 1 oaoj»BI*f^i:jB«fl: 

#fltt**tt**#€r * $ ft < ft U < ft v\ 

J:n^<^5i^<oi»/jN$<, $&aia&2 7 0 

r©f&2©&&S©&fc:. BJfe*tt»3#7y-*ttS 
5©«fcfcR-©#ffiK:*fc;Sftfc!K SI2©|&&a© 

rk? y -*ttj§ 5 (D&fcUfa t mfem&m 3 ©««s* 
[oiio] «rtaR3ftattJi2*j i^^rxB 

8 2$5j:.tf^r^Ji6fl!>£d(lfc«:^i-m3P % 5 21^ 
%^m^55. 2]R^%-e*>«r fc3SS*t)#* UV^ m 
*5 2JB^F%5icl»"efc5i:. ttfcSfi* 2 7 0 t;©«2 
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©«M&3*:fi i oTtK ^r^setMtsx „Mn 
<ft3* R3fi*tt«ttfr3**ft< ft5o Wt>* 

***S'&«#«:^$ft<ft50Tff*U<ftVx. 
m*S55. 2lW$:ix.5 &&afc£ 2 4 St© 

7^1 6 o« 0 t»*t < ft 5 # 
*©3Stt/h3<* MIil2 7 0 , COl2Oi&I(0 

Bic* HfcattS3#7y-*tt«5©«fcfcin-©;fr 
io Guc*fc£Hfc?K S2©fttea©igK:. 7y-i^§ 

5 o&itxmt B£ttt{£Ji 3 ©afc* fa t 

ft *©■?#* L<ftv\, 
[011 1 ] ft o t, .KShtt^JP 2 33 J; t^-K^f 7 * Jf 6 . , > 
©±efi*lfci«5 2JR?-%^m^ 5 5 . 2J^^%t?fclX 

'<>fr*Ji6©£JIUS^«#J;!> fc±D*t<ft!K « 
2 ©JBi&aSrfTo t>£3&8rt£J§ 2 £ /<>f r *JI 6 © 

©«Hg-**©f?anic*fu B£ttttH3©ttft;&fitt£ 
20 {fc-frTtC ?y *-fl£&J§5©e{fc^|6]tt:*.*- 
[0 112] K3ft«ttJi2 33J;tf/<^r^Ji6 
^ P t oMn ioo-b- d Z d (fab. Z fi, Pd, I r, 
Rh, Ru, OsOHO^ft<HlI^^H2i£t 
Ji©^*?) fctfcfct, a^ifc€r^-t-m, nH. 52® 
^^m+n^58Ifl 0. 2^%gn^401 

[0113] m+ntf 5 2M%^fc5^ $&a 

tl2 7 0t(Di2oM^oTt,, r* 

30 J§6&4tjft-*-SP t BMnioo^Z^^^f^Ll o 

^£ft<fta 0 sp*>. -*isatt«»»*«»«r^jSft< 

ft-5©-e#£L<ftV^ m+n^5 8^^%€ri^ 

ttC£&flSt1£Ji 2~«r4M&?-3 P t *Mn ioo-.-»Z. a 

CUMULI oii©afti*^taflaflsu«c< <4 

0. &&8&&#&£^$ft<ftS<, Wh, 

^jK#t^$ft<ft5©t?»^b< ftV^ 0 ^^l. nd5 

0. 2I^It355t, 5c*ZO«Hp|c.J;S-*|Sa 
40 tt2fl£««-&«#©«»»**+»taixft v^©-e#* L 

«E#A5^ir ttU P©"C^^U<ftV> 0 
[0 114] «KR5ft«ttJ12*5J:t5/^r^Ji 

6 3&*. Pt mMn ioo- B - n Z n d>P>ft5^^t 
iia^lfcSr^i-m. n2S % 5 21OT^m+ng5 6 . 5 
Jg^%, 0. 2IW^n^40l^%f$>5C^«t 

[0115] m+niS5 2 S t , $&a 
^^[2 7 0 < C©^2©^fea«rfToT t), Pt dM n 

50 ioo- B -nZ n ©^^^^3&5L i ofi^afldtt^fcaflaft 
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*iaatt**»*«# $ 4 < ft 5 © -e#* u < ft v\ 

m+n#5 6. 5 t ftteHfiaE 

2 4 -5«C©#1 ©»«i31«rfTofc»^fc, £&fl£&J§2 
tc £ 5 S£*ll*tt«*3&s^^f T * /I 6 fc: £ 3 «*Jl*tt 
t>**<ft3j&s*©fStt/h*<* &&WS.&2 
7 0 , CoW2©*»a<ORic, H««ttJi3iS7 5-K 
&Jl5©&{fc£P3-©^fiK8Mb£^*:!K &2©j&& 

a©^ic. 7y-«ttj§5©«fc*fifcHS*ttJi3© 

«riff2SE*lftK:»^«l< ft5©-C#*L< ft 
V^ 0 n#0. 2i^%^iT?fe5i:, 7C3$eZ©8s 

fcv*©T#*L<4<;? nM1^f$rix'l^ - 
*lfittft**<fr«##«TUT 5 ©-e#£ U< ft 

[0116] JEfc. «IBR&«teJi2:fc,fctf/<>rT*S 
p t iMn uo-«- a Zai>e>4:56AfcUfcfct» 

0. 2I^%gn^40If%-Cfe5:^i; 

[0117]m^52 JST?-%5fe«t-e*> 5 t . &&&&& 

2 7 Q < Z<Dm2V>m&m*ft^Xh. /Mr^§6^i 

P t mMn ioo- D - n Z »©«***# L 1 oILOttfld 
fc«BJftLlC< < ft 9, £&a&#&£^£ft< 
ft So BP*. -*lRlttSS*3K^«#«r^*ft<ftS©"e 
#*L<ftV\, m+n#5 5. 2Ig*%£j&x:5 

4 5lC©fn©3tM&«fc<Tofc#£ 

■*2 7 Ot^f 2 0MS^^C % H««ttJi3*7y 
-i«ttJi5©«flsfcl5l-©*|ft(c«fc**L*:9. S£2© 

3 ©ffift^iRi t «rS3t*i«afc»*.li< fts©-c#* u< 

*1&V*©'-C&£ b< ft< s n3&*4 0 5 
-^IftttSKMS-frajlL^ttT UTtt 5 ©■*#* L < ft 

[0 118] ftoT. Ra**teJI2*5j:tf/<>rrxJi6 
0±fQttj£jfc3P5 2JK?%£m'+n£5 5. 2^^%"C 
0. 2IW^n^4 0l?%ti)Hlf, f 1© 

JRtea«picK»«ttJi2«)SE»ii*tt»»*5/<>f r^s 
R<om&x%< fts^T, «$&©*«#**&©«#■«* 

[0 119] R5ft«ttJB2*J:^-<r^JB6 

P t qMn ioo-q-jLj (fit, Lll, Au, Ag, 
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Cr x Ni» Ne s Ar, Xe. K r © b ^©^ft < t 
i~Q> j tt. 5 2Jg^%g q + j < 5 8DjC^%, 0. 2 

1^%^ j ^ i om*%-e$>zz.kftfr* Ll\> 

[0120] q + j^5 2]R^%*«-C*>5i:, 

7 (^©^©JS&teafctroT*, ttSB/WT* 
§6SrMt5Pt qMn ioo-q-jL j©«**^#L 1 o 

a©aflij*^fc*flijftsuic< <ft?) s 

^£ft<ft*<> Wt>. -*l$lttS£'«»^«*«:*$ft< 
10 ft £©*?#£ U<ftV\, *fc. q + j #5 8IW^ 

fiTG£iiU84£JI 2 P t qM n ioo-q-j L j 

©«**** L r l 6Sfo«flfl»^-i:«MfisLfe< < ft 
9. S3ft8lttWtt«r^*ft<ftS. Wt», 
«^«#«r^*ft<ft50Tf#*b<ftv^ j 565 

0. 2g^%^l?ifo5^ 5E*L©»ADK:l:«-*fi| 

<ft<. j *1 0JS^%«r*l*S 
*##«^LTU* 5©T?#*U<fcv\, 
20 [0 12 1] »EK3ft««Ji2*JJ:^-<T^Ji 
p t q Mn ioo-q-jL st*t>J£Z>i£&b Ufcfc 
&f£it£*H-Q. j 3*. 521^%^q+i^56. 5 
0. 21?%^ j ^ 1 0I^%tJ>5: 

[0122] q + j #5 2BM**-C*«fc, 

a*2 7 onc©»2©j»&a*ff^Tt>. tfria^-rrx 

!6«nPt Q Mnioo-Q-jLjOi^M^Ll o 

m<omm&*~*bmti{kv\z< < ft 5, 

^£ft<ft5* BP*>, -*lfttt»»ft^«*«r^$ft< 
30 ft3©-C#$b<ftV\ q + j?5S5 6. 5j^^% 

Srj6Sx:5i:. f&&mU& 2 4 St:©!^ 1 ©J&&S£fro 

^Ji6fcJ:5*«ll*tt«#J:!) t>-*f:<ft«aS5-t©SI 

tt/h$<-, j»&aak2'7 bt:&iB2©«tea©Bjc. 

S£tti£Ji 3 iJ7 y ^-«ttJi 5 <omit b ^-©^riRiKia 
ft$ttfe9. S2©ft«!9©BSlc; 7 y 5 ©« 
fls*l^l B£ai£A 3 ©a<k^lRl «riSS*lft K:»itJi 
< ft 5©^^^ U< ftv^ 0 j^O. 2JR-?%^ift 

T?aE>«t, 5c*L©asnnfcj:5-^iftttss»«*«*© 
40 3fi:^f^lm^-h^^-^^^ftv^©■e^^^b<ft<. j#io 

* 5 ©"C»* U< ftVS 

[0 12 3] JEtc. aulBEgft«ttJi2*sJ;t;/<-f r^Ji 

6*5, Pt qMn ioo-<j-jL j*»t>ft Z'fr&b \^ftb%, 
)a^ltS^^*^a^ J 5 -2«*-%£q+ j £ 5 5 . 2 
JS-f%. 0. 2^%^ j £ 1 0^^%Tfo5^ t3&5j: 

[0124] a* 5 52 m^%^M"C$> 5 b s 1&&m®.& 
2 7 0tOl2OMltfToTi, ^^T^^6Srfi| 
50 l$t5P t qMn ioo-q-jL j©»A*HF'j&* L 1 o§l©aiiJ 
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|t5,JP^ -*fatt£iMS£«#fc;F£*<**©^ 
#*b<4V\, q + j#55. 21^%&&x£ 

S3ft«ttJi2©SE«lfr&«J!L^/<>fr^Ji6©a5lft 

-«ttS.5©«flSt|P|-©*|S!lJC«flS**tfc9, ^2© 
3 ©«ft*lft t «r«**i^K:l»*.K< *5©T!#* b< 

fi V © T # * b < AX _ j j&U.O J£ * % £ m .fc 

-*l«3tt**»'fr«#*«T Lttt5 ©T&£ b < 

10125] ^oT, E3ft«tel2*5J:t*/<-f T*Ji6 
<S>±eia*JtiS 5 2JB*-%£q + j ^5 5. 2IW 
0. 2WL=f-%£ j ^1 *1© 

*te3ai*ics»«ttJi2©K»ii*tt«#3SS/<-f r^s, 

#©3§j&s*# < *3©T% ttXefeJKffrt>&©fi«-ftj|i 
©HUfl!lc»U @£«teJ§3©a{fc^fltt£{fciH* (eg 
7y-«ttS5©«ft*l«ilH;^A*-XK:«fls+ 
-5 £ Zfr&ftik bv^ 

[0126] ^hA^i^f ^^^mmmm^m 

^©S»«ttJirCT?*±tfiSaS5ft«ttJi2©fij*fc. h 

!/ y^!* f v^^at»K«55sif ^ ©s»«ttJi - - -e 
rt«iBa^>fr^Ji 6. ©a**:** flit^ai 

ra-itcj;?). Sgl©&&S&©i^#©£&&£«£# 

©sefcju-weic:?** K2©(»&a*ic7.y-«ttJi 

5 fcBft«ttJi3©«fls«r J: 9*jlK:«*«ffii:-*-«C 
*fe V»fc-R»«ttJi 2 fc/<-fT^Ji 6 ©?!*©**» 

ft«#*»€»©«*«#©Biaiiifc»u as«ttS3©a 
fc*i^ittSEft*-rfcee$*i^ * u -a&i 5 ©amis* 
rsj « * a - x *c k ft *■ 5 w # pt « & * 5 . 

[0 12 7] -f-&fc>*> % ^T^|6 fr. X B Mn too-. 
<X*5 H Pt, Pds Ir, Rh, Ru, Os©?*>© 
*ft< t t> 1&&±©5c3?. MJfct^tm^S 2£^ 

fc\ X bM d ioo-. (Xtf. Pt. Pd, I r , Rh, R 
u. Os©?*>©4>4< ki>im&L±<D5im, S^ifcSr 
/Ttmi\ 4 8 J^%£m£ 5 8J£^%) 

[0 12 81 /^77|6^^tm^ 5 2 JR?- 
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/^7X§6&«fifet5X *Mn ioo- 0 ©^^^^3^L 1 
oM©&fliJ&*^£&l!lft;blc< < 49, K36tttt4$tt 

Mfil 2 4 5 t(0l 1 O^I^tTot 
&&^2fc*$j£-r3X .Mn ioo-.©«*«^3JSL 1 ofi 
©ttBJ*^ taSOftUKK <49, 

10 ©*t?#£b<fcv\ 

[0 12 9] iot, Il(Di« ! IfiC2 4 5tOll 
©&&3&fTofc&fc. KSttttB 2 ©£tM»£&ttJ|i 

T 6 ©££JI^&8E# J: A . .. 

2©&&JSg.#*S2 7 0^©&2©3y&Jl£fTo*:&fc: 
t>, KSMtttJl2©^ftJl^rtt(Kff38S^'f 77|6©^ 
M^«#J;n^<45J;5tc, S9ftttttJi2© 

(5 2^%^m^6 0m) t/^7^16 
©&f£ifc (4 8gf%^m^5 8If%) ©&ffi©*a> 

20 [0 13 0] i©J: 5 4*ff=«r«fci"ia*Jfc«:**»« 

t 7^1 6 «:l^-^-C^ tfci^ J: 5 t>, Ml 
©»fcSl*^J:^»2©|»fca^fc*sit5**©K3ft« 
teJ§ 2 ©«*8^Ifffc^7^i 6 ©*»Jl*tt«* 

©^$r®^KiTtSim^^t>*^«rig^4 9. &fh©e 

[0131] ^fc. ^i om&mw&K* &L&m&m 2 

©*ft**tt«*fe^-f T^Ji 6 ©S£»**:tt«*.J: 9 

t>*t<-c*. K2©*ftia©eK:. fc&m&%2<n& 

<. B£flattt8 3©tt4k4rA«rttBK:B£Ufe£«. y 
y 5 B£tt1£je 3 ©«E.fls*fl «r*fi-S*5 r 

t^T?^<5 0 Sfefc, H2©$teJ®&tc. Ktttti£Ji2 
©*»»*««*«:<<-< 7^i6.oMMtt«# J; 5. 

it, B*«ttJi3©«fls*fta5*fl:*TfcB3e*^ 
7 y -fi£&Ji 5 ©flatffc^^tt^ ^-xic^ifc-rs :t3p 

[0 13 2] S3t«ttJB2 ( i:^>fr^Ji6©#*bV*ffJ 
40 ©jm^^t>^«:. /<^r;*.Ji6 P t „Mn >oo-B-i,Z 
n (ZA^ Pd, I r s Rh, Ru. Os<DH^>4 
< i: t> l@*fctt2@£t±©5c^. fi*«s.«r^i-m, n 
3ftS. 5 2]£^%^m+ix^6 0^^%. 0. 21^%^ 
n^4 0If%) i»6*S^fcU K3iattJi2^, 
P t B M n 100-B-n Z fl {{at, Ztt, Pd, Ir, R 
h. Ru, 6 s©5fe©^4< t t»l«*fctt2tt£Jl± 

5 81^^%, 0. 2If%^n^4 0Jgf%) 

50 [0 13 3] /<>f7^§6 0^$r/Ttm+niS5 2 UK 
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t«P t n Mn loo-rnZnCftftft^^L 1 oa«)tta(ltt 
*^fc»Mfcbfc:< <ft»K RM«ttW4*r**ft<ft 

b<ftV\, /<>fr*B 6 (D&f££^1-n *5 o . 2 

JS*%*»T?*5&* 5E*Z©«AK:J:5--#lRjtt£ife 

**«E#o*«ta*a5+»icm*i*v^©T*«F* u< ft 

[0 13 4] R3i«ttJi2©arig«:^m+na5 

i«2 4 5t:(DllOMl^^tt), M«ttl2 
«:Mt5Pt ^Mnioo-^ZBO^M^Ll o§!<0 

ft<ftS 0 fiP*>, -*ftS£«tt-&«*«r^**<35t«<0 
T?#*b<ftV\, E&«ttJi 2 ©111**33*+ i# 

0. 2JS^%*«-efc5i: x 5c*zo«jQnK:J:«— 

[0 1 3 5] ioT, I10^ISS2 4 st:©#i 
2<O^^SiaSA3 2 7 0t©ff!2 ©*&&3i«rfTofc«lC 

^6©&&Jt (5 2EC^%^m+n^ 6 0JR?%) ©& 
[0 13 6] i©* Sftlfcff'SrWfci-lftrtJtSr***^ 

o»iaa«F*5 * t*sg 2 ©Mt&ai#ic:*3 rt $ 

2 ©£*ira«#* /<>r r *a 6 <D««A^tt'tt# 

[0 13 7] jm ©*&&&©££* ^&a££j§2 
t>*i<-e#. 02©gyaa©Bgfc\ 2 ©as 

& *fls 4 fc tt'ttfls* A £ K * 5 i * 355 

<, H£a^B3©»fc*fi*aBfcH*bfc*** 7 

y 5 * @£lfc&J§ 3 ©«flsi^|«il«:«IS$*5 r 

£P>*c, S£2©$y&a&£, ^&&&Ji 2 
T *JI 6 J: 9 

bT x a««ttJi3©«fls*-|^3&5*fli*"fK:HK**i^ 

^ y -attg 5 <om{kjjfaKxj*~x\c&ik-rz> ± t& 

*TiS£ftS 0 

[0138] &:&&&M2 fc/M r^j§6©#* tv>gtj 
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©&*-££>*£«;, /<>fr 6 & N Pt q Mn ioo-q-jL 
j (<B.U Lfi, Au, Ag, Cr, Ni, Ne, A 
r. Xe. Kr©HO'>*< t felI^fcfi2S^± 
©5g3S?. &j£tt£^-r q , j 365. 5 2JK?%£ q + j £ 
6 0B?%, 0. 2If%^jil0l?%) 
^H, ^fl£it)|2«r s Pt q Mn ioo-q-jL j ((B. 
b, LfS. Au N A g , Cr s Ni. Ne s A'r, X 
e. Kr©5*)0/>*< Hl®t^W:2i£Jl±07C 
ft*Jfc«r*i-q x j 3&5 S 4 8 JK?%£ q + j^58 

10 m*%* o. 2if%^ j^ioiM) a*s>ft5<&£ 

fcl-S^fcjWMibV^ 

[0 13 9] /MT^S6 0afiSc^/ftq + j 3&5 N 52 

^tspt qM n ioo-q-jL j©^i^L i omomm 

ft^fcafldftbKK < ft 9. R5ft«tt« i tt*r**ft< 
ft* e iP*»s -*«tt*««-fr«J|LSr^*ft<ft5©T? 
^4b<ftVN 0 £^ X>f7^l6(Daj$«rit j 3&5. 
0. 2imiT3!)5^ 5c3tfLO«JnKlJ:5— 36riSa 

20 tt^»tt*a»©»*«i*^H-»kia*tft l 

<ft<. j 3&51 0R*%i:m7LZ>'b, 
«£#3&5<£TLT b2 5©"C#*b< fcl\ 
[0 14 0] R3ft«ttJi2 0a««r^i-q + j 

4 8JRT-%*»*b<tt5 8JR^%«rffiit5i:. 1» 
MtS 2 4 5 tco^ 1 (O^I^fto X t,, &&&& 
§2^f3Pt q Mn ioo-q-jL j©*ta*HP#L 1 o 
S©«flfl»*^fc»aaflsbK:< <ft9, KSftftttfttt* 
^£ft<ft5« EP*>. -*lRltt*»lfi*«#«r3P*ft< 
ft5©-Cff*b<ftv\, Sfc, £Kfltttil2©iaA«r^ 
30 -f j 3*s. 0 - 2g?%^I-e$>5^ tE*L©«Aik:J: 
S-*l^tt**ISA«#o8tS»**+»fcS*tftv^o 
b < ft < . j *5 1 b JS*%*tt 5t : 5 * : -ir^^ 
«ft*^i*#fiTtr b^ ? o-c^^ b < ftv\, 

[0 14 1] iot, mi(bk^3iaS2 4 5 'Com 1 

K»«ttS2©ift**tt«#fe/<^r^)i6©3!l5 
t>*t < ft* J:-3fc. S^«i4§2(0 
40 a^it: (4'8I ; F*^Q + .j^5 8BW) , -fc^r^ 
1 6 commit (52K%^q+j^60 JK?%) ©® 
H©**»fe#*©a*Jfc«r*ft6*T»JRi-Jxtf J:v^ Q 
[0 142] r©J:5ft*#Sr«fc-t-a*«s«r45-*»^ 

t/^r^i6^-MT^imj:n, mi 
&Jl 2 ©%»^ttff t ^r^g 6 ©£«*2rtt«* 

©^^S¥t--e^aE^^t>^r3&5«rig(cft9 N ESH-tog 

fe^365r&i±-f-So 

50 [0 14 3] 4fc, ^5iate^2 
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<, B£aH4B3©«fcJfrfl*a*BfcBSLfc**. 7 
y -«ttS 5 -&,eSttttB 3 ©«Mfc*fa 

So SfcKl, £2©B*k3ttlC. £&8&&/i2 
©«»ft*tta#Sr^>r T ^Ji 6 ©35*H*tt«» J: 5 

m%u&mm^<om^m^<omm^m 

[0 14 4] ^©J: p^^trv^/u^^^a^^^ 1 
TV**;frfl*E^HH©Bfc (tt<ll, l$K2:^i 
baxfcifc&s Bfc;tUTv>s©-c\ r©fll&5B 

3 0 C©^ew<A-^S!S|K«*#^l«r«igi- 

sb^ic* ^ y -«ttJi 5©ii&5 B©^©^a^5 

^^*<, Ot5SeftJK#^&©«9««tLfl9tK(c#L 

t7y -«ttg s ©awe— y v h*** A-xtci5i«s-f 

5**©**tfc^ev^^ffl»JR«Sl*^l fcfc*. 
[0 14 5] £ b\z. S9ftttttJi2 j3 J: ^r^Ji 6 
3fl*, Pts Pd, Rh, Ru, 1 r x Os. A u N A 
g, Cr. N i O 5 < t 1 fctt 2 S&± 

jft**tt«#©ta*«Ftt35s&#fcft!i, Bf»t£ic«ixfc 

y Kfctf©«ttfc«*&*Lfc»^©»^tt#ft#TN ^ 
**fl:k:J:S2SS»»*tt«# ©£8ias 
^^v^fitb^^if^/^^fJKiKla^l tt5Ci: 
S£K:*fc, Rift«tt*2ftJbe©^-CJf 
^t5^it, y*^BA#ftv.\t>©£:ft!K EL 

■ctafca* @£ifc&Ji3©afc;£fa&&©ic@£-rs 

[0 14 6] Z<D& V^AO/SUMM*** 1 
©$4it^fe-eri. R3«ttB2*iJ:tf/<-<T*B6l^ 
Pt. Pd, Rh s Ru, Ir, Os, A u. Ag, C 
r x N i © ? t>©^/£< t) l@$fcfi2®#±©7G$ff 

T. iaB©*«i3at?Hft«ttli3©«flS*I«J«rHft 

u 2fl[B©»ftiaT?7y-«ttJi5©«ft#i^«rWia 

a£«B&JI 3 ©fl£{fc£-|R] t^^i-5^lfi)Ki^x-5©-C. 
B*att»3©«fls^Ki3S»»«r^it«rt*<. 7 
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[0 14 7] ££J:K X KBtt1£B2 i:. 

T*B6 t*r«**BL-t«S*a 1 fc»«U 

lfcfc&ai-s^ttT&a©-^ itettBtta 1 
twtatsu BfasttKt t*b 6 to 

<..itE#Ji©3t®3P*«fcilfc*Lfc»*©J:5Jc, 
fc*fe*tfc*Bfc-<;*-VS y V^^^/^y^KlJ;!? ^ y 
10 ~~^LTa>t>*©±©Ji&^j£t-5i&gas#V^c 

® *^&§;S ? j?,TrJ^f 

»*«fi©aHfcJ:«»***tt«J|L©*fe|c»r5S 

[0 14 8] fl9fB/<-<T^g6©-«5«:* 
*UT b?y*«Tw!C3£^«©B«6 AfcJM^S £ 
20 fcfclc. C©Dfl»6A©TKi«t«W-5t98B7II-«ttJi 

»e h 9 * ^» s a©js« 5 dic/m t*b 

[0 14 91 ^7^/15 llCie©^.^^/^ 

[oi5o] *&m<om i ©njfe^ii©^ e-^^/v^ 

SS4©ff**l«!l±Tfc* S£8ltt8-3 i7y-Ift§ 
[0151] e*«««ttag«€r*i-^ #sXA : ft, * 

40 ittvie.4 tm&m&ms t^v^m^ms t<o^ 

T? ^ C -5 © ^ ^ VtfefiFffcSLK: J: 5 t> © rfe 5 . 

So d©/ci?>, B3£«ttJi3«rCo£l^©|r»-e»*b 
/c^ Be«ttJi3©#att«ttA4B©«»«:Bl 
© 2 jfii«[»-tf^i- J: b Kf^C o 1 3 a -C»4t5 - t 
*#*UV^ ^V— <K^Ji5$:Co£Jt^©N i F 

e CoNi^l CoFe^l CoFeNi^ 

4t*if©«-ST?»ri6UfctB^t>, S£*K£Ji3©^£ 
50 f^^^, 7 !l -itti 5 O^ttttVM 4 MO Ad«rB 
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1 <T> 2 & ?Km^C oM 5 aT?Mt5^ 

tff&ft bl \, 

[0152] im2<Dmmmm] bsk. 1 
^a«R««« * <o at ft a {m *>e> & 

^<0*£i££^b/cBr®BT&3o :o^e^^I» 
_h5*;*7-r^© hu-V v^«««4*fc:Rtf biVt* 

[0 15 3] m8»£x*m9K.&1rx*rz"<A'~f&1tR 

sttttttJi. asasttJi. #8M$£«/§x 

[0 15 4] B8*5JltfH9K:*3VvC. ^Ktt, Sfi 

3 T*&»fi»i 2 0 0. T«S'-A' KI163, T&S* 
-Yy7Ml 6 4. &3fcfi£&Jfl l&J&f&Zfi* S&fc* 

atrial i i <o_tKtt x m 1 ©e««ttji i 2 a* 

JljSSnTV^,' *bT. tufa^l©B£8M£Jl 1 2(0 

±ictt. #tttt?ajii 3*«i***l. Sufa#a&*fig 
ji 1 3©±£f*; m2<D®mm&mi A&j&j&ztix^ 

tell 6fti; H : &fc^+j:'5K:; S^ttftl^GK^^ 
Rtt€>*tfc*«l 6 Bt. 6C, 1 

6 c^^Ctv^o iwia^y-asttJii 6<osp«wi 
6c. i 6 ciicr** turner *m 1 3 0, 1 3 b# 
Rttfcit. tMB^r^Jii 3 o, noolfctt, » 

Ml 3 K. 1 3 l*5»rt§ixTV^5 0 
[0 15 5] r©itrw</u^S[JHSi»«5pi?ic*sv^T 
tt. ±^omio^Jfe^ti©^^v/^v^a^^^ 

**i^«ic; ih\ Pt, p<k ir, r 

h. Ru. I r . O s. Au, Ag, C r , N i © ? t> 

tr&&*»$>fr3t>©TME>»K flfc^*8&&SK<J:!3m© 
©£8**41 12, ^ 2 ©B£8M£1 1 4 &**t,€*t,-£ 
© *" ft fcH&ffc-T 5 t> © t? $> 5 „ 
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[0 15 6] mtZmi<0®fe&&Ml 2*5*0**2 ©B 
)£lKtt§14tt:, CoR, NiFe^l Co 

NiFe^l C o F e -fr&ft £T?*J*£*bTV*5 0 ft 
fc, » 1 ©@%ttttJI \2h%2 ©B£B$&1 UtO 

3fi. Ru, Rh, I r, 
Cr N Re. Cu<D5 ^ 1 5 2 H&±©<£&-? 

[0 15 7] ^6t\ H8fca*+»l©BS*ttJil 
2&VJB2©Hft«ttJBl 4t^**tTV^5*9fl % * 
10 ix^ix©^^*- ;* v b ©*$$&#*© jrft&£bT 
*5 0, ttfE««*-> ^h©*#*fl, ttftttfl: (M 
s) ^Rff (t) fc«r^rtfc*tf»S**i5. 
[0 15 8] lalfeitfB^^ 

2 if 2©@^l4i 1 4 tH(^ WI^«$tl, b 

#2©B£ttttJi 1 4©BWt P 2* % '*1©B 
3£H4§1 2<om& t P iJ: 9 t>*#<#j*3ivt^3 

*ne>ic «2©a£tttt«i4©^gi©B£ttttJi 

12^ ra^*-;* v ha**#< froTVNS. ft 
fc. £l©B£ttttA 1 2$3£tfft2©B£ttttffl 4 
20 tfft&Sftft*-;* Vb^^f-ra^ t^SftbV^ bfc 
#oT, »l©B£«ttJil'2©Kfft P itf£2©B 
£tt&Jil 4 ©RIP t P 2* 3ff <#rt*ftTV*-Ct>J: 

[0 15 9] »10>S£ftttJil 2tt, H 8 «3 X 0=0 9 
1 3€r^bT»lft-»-3IB2©ee«ttJil 4©«<fctt. 

itriE^ i © a^ffi^^ i 2 ©iKfb^iRi t s^fT * v 

30 [0 16 0] SlOgeittll 2tt, S3fefl3Etel 1 1 

*fcJ:!K iiT8a«l(OS£ttttJll'22:£3ft8tttJil 1 

b, ^xtf. 08*3<fcot09t^i-"i:^b. -«faj|i© 
a*«ttJBi-2to«fc*, B^v*isicaj£3iv$, » 
eKi©aft«tt)Bi 2©a{k^; 'B^Y^^ta^^ 

lx«fc, #ISaitt*IBJil 3«r*UT3&iei-«»2©B* 

mteii4©a^>i; «i©a«ttttJii 2©to^ 

40 [0 16 1] t<0J:5^^^^^1iK«^^ 
11 2©«ftStjR2©BS«ttJil 4©aft«r*3tLT 

/^r/ffl*R****-ett, ^^(K^l lit it,' y n 

1 1 2^0J^2©B^atel 1 4©«fc«fi«r«»IC'b 
50 [0 16 2] gJL±©J: 51^ 
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mmm%$*-vK, $i©@£&ttJii 2 *«2©@£ 

oT. £&Jg£-8£# (Hex) JRKOB 
^ttttJIl 2 fc«2©H««ttJi 1 4©«MfcSr* ftftlz: 

S^AMR (JfittlEflS*) *'&5Zt& 

[0 16 3] @8*5«tO : @9tc^"rJ: &2©BJ£ 

n. 7P-«ttJii 6*»***bT^a. iuia^y-a 

tt8l6li, @8fcJ;tf@9fc^i-J; 2Jitf»* 
$ K,T *S.D v .tt£#ttttSMJi .1 ,5 S fig KSjft $ , , , 

5—*©Ji 1.8H:* NiFe^, CoFe^l 
Sl^ttC o N i F c&4t*ifC»lri6**LTV^5. fc*5. 

a«*m. CuJcJ:9jeriE**Lfca9«*«tt*SJi 1 5 
fc©#»T©£*5c*^©&ffc*«rJk-Ci\ AM 

[0164] tfc, /Mr^ino, 130 fi. tuts 

&&*&&J§ 1U mmc^ P t . P <K I r . R h . R 
u . OSx A u . Ag v Cr, N Ne v A r . X 
e. Kr<D5t)©'M< t>4 S$fcf* 2 tt£l±©5cSR 

Txp i 3 <>©'<* rxa*©i&»«:StfT\ ffria^y 

[01651 tfc, ig^Jl 131. 131 fi. Au. 
[ 0 1 6 6 3, B8*5*tfB9lc*stt3;*ir 

Ka*a*^tt* i 3 1 * i 3H^7y- 

a&j§, i 6 r &m&&&m i s . &#s§ 2 oe&ttttg 

ate* 1-6 ©«&«:* p^x i;frfl*>t>Y;£fl*-£S& 

©#B* JfcCJ«#tttt«Ml 5 fc&2©B£a&Jll 4 
[0 16 7] t £5T*tte-fcl'Xtf*W\ jSRSfctt* ^ 

loHftttttJii 2£#a&*raJii 3©iwfc±f£t> 

-tir-f . Suffix 1 ©B£att5 1 2 f*. AMRJCii^-t-5 

ft. mi©B£a&/I 1 2&tf#a&* 

Wll 3lcaE*lSC tits S't^bn^ (S^n^) tc 

:o^t^ho^oitt#»^4<, 8£2© 
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[•0 4 6 8] Z<DW<Z>X\?^s<ju7&ftJI&m%m¥K: - 
KStttttJil l. Iiol^li 2. #att* 

nasi 3. & 2 ©s^a^/i 1 4 . #a&i§3;/i 1 5 % 
^y-m&mi 6. /vrxsi 3 o sr«fc«ji vra 

fcie^-f-s^fa-c&ss&i <0«e#£PP;&puoo. gii© 
r x a4 ,3 0 jc£aA*&9Ji&jg£ $ tx,, .amau - . 

ll*tt«*fc«ia^-f r*/§ 1 3 0os»wtt«#j: 

[0 16 9]OV^ b7y^«Tw*fiK:ttfiB^<r 
^1130 ©£&A;fr£a# J: 9 t>*£ < ttEKKtttt 
20 J| 1 1 ©£&A#£a#J;!> f>^*v^»2©«»«rBUa 
boo, tuiagll ©&&«©#«$; D t>ftv^2©l&ftua 

&*-e*M&«u m&y y 1 6 tciuia^ 10s 

[0170] *e>ic. »fea**bfc«e«8*fe-< 
$ y v^^^fct 9. r*j§ 1 3.0©— asfci* 

^UT h^y^«Twlc3fil^«©|Ifla 1 3 0A«:Mt 

^<oia^i 3 0 AOTicifcf^satrje:?!) 

-a^Ji 1 6JC y^STwteffi^^-S®© b7*^ 
30 Hl6ASrMt5o OV>-C, !!7h*7^ht« 
ffl-J-5*lfe*^H:J:!l, IJE^^.rxJil 3 OJblc. Su 
y -«ttJi 1 6 (cttttttff «:4hX.:S«SJi 13 1 €r 

[oi7i] z<D£5%x\f >^?mmmmjp&?x . 
it. tuiay y i 6 ti. ttesfttti£f 

iiTVv5*ftfcR»fll©BK: (*U<tt v ,IMB**Kfc 

fill 6 A3&5KJte>nfc«^l 6 B£3rLTV>5©-C. C 
©^1 6 B©«Kl|SCTh9y^«Tw«riE«fcK:«fciC) 

^«r«3ti-«»^fc, 7y-«ttBl 6©WSB1 6 B© 

i^®i©¥a^ i 6 c±(cee$tb5/<-f rxJi 130 
«na»tti6Bica5itaj*< % a«etfttt#^ 

b©*aft«*b«»K:#UT7y-«ttJi 1 6©«S8C* 

[0 17 2] ^©xtrv/^/u^sijfKais*^^ 

*5VNTt>. SKattJBl l*JJ:tf/<-f TxJii 3 0*5. 
Pt. Pds Ir. Rh, Ru. Os. A u N Ag, C 
50 r. Ni. Ne, Ar. Xe. K r © 5 *> ©^ft < t t> 
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^5ff^£-*-3r k&V%Z> 0 £t>\c*it. £3ftttttJil 

KMttttJil 1 

2 2 ©Hfefetti' i 4 fe«fls3fr^3ltefeHfe' 

[0 17 3] *fc. lEo^ey/V^Siill^f 

§1 3 0t N P t . Pd; Ir, Rh, Ru, Os, A 
u s Ag, Cr. Ni. Ne, Ar, Xe, K r © ? t> 
<D'J?t£ < t t> itt$fc»2tt&.k05c$&Mn £ Sr^tf 

3a-e«i©es«ttJii 2©««s*ifgsre3£c. 2g@ 
©Mit7y i 6 ©* fls#fa*«re* i ©@ 
^ttttJii 2$sitf«2 0a£«ti=Jii 4coa{fc^rrRji 

fc#flfcMM^^*.5£**<, 7 y -*ttJi 1 6 © 
*fc*fafc#l©HS«teJIl 2*sj:l«B2©B«*tt 

[0174]**:. g&KiiJc, K&ttttS 11, 
©@£a&JI 1 2. #lfc&*f!8Jl 1 3, fl[2 0S£tttt 
§14, '#W£«18je 1 5 , v y 16. /<-f r 

^J§i-3'6^jHfc«JiLra[Ji*«r»flSU WE«tJift 

eu tttessK r * s i Vot rafc** 

y Vi/*j»*^y ^ y 

LT*'fc*©±©JI*:#rt1-$&K#fcv*fc«>. 

i: 5. $ fcfc. lluia^©^®^:*-^ 

© it i 5 r t # * s o 
[oi7 5] £t>ic*fc N gtrfa/<^r;*j§ i 3 o©-& 

Sriilt b^y^iTw^ioM 130A^ 

^©ifflffli 3 o A©TKtt»i-afifliB 
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^SJ16A^t50t, J»Sa/<>fT*Jil 3 0© 

©j£&i 6Dic/^r^^i 3 o^sr k&K^fz 
*e>. h77^lTw^i<t<i^f, ffiCfltttCft; 

[0176] CH 3 ©XJIin&ffi] @10tt, *SSrt©& 

io ic^ufc«®f®g-efc5. @iiii, @io(^u^ 

JLfc$£©«3££^Lfc^®@T;fe3 0 ^©M©*^:/ 
20 [0 17 7] 

a«=ji©***>i\ 7y-n4i^H4«froi^i 
xmi<D7v t m 2 ©7 y ~i&&mo 2ji;-# 

[0 178] 01 0*J*tfB 1 1 tC^T, ^fKtt, 
30 ^^5Ti^&l2 0 0, TSl5^Kil6 3, T ' 

y?mi 6 4 . £&w£ji 5 i asjMtSjt;' <*t> 
it&K&f&ttH s i ©±jcti, »i ©ekixtt'ji 5 

2. #BS&*ff9Jl5 3, K2©H««ttJi Jf 5*4": #BS& 
igHl5 5, »l©7!)-«tti5 6; #«aEtttlilii5" 
9. K2 07 5-«ttB-6 6^«fcftji'^'nTV^. : k 

iail2©7y-iK^i6 or*. Hi i V iu 

^c*a© h?y?m6 o AasgtrtfeHfcairti 6 b 
40 "^©ii|«©s|Effl»6 0C. 6 o c t Ssr'#-tr^5, Suia 
S2©7 9— ttttJi6 o©¥*a&6 o c; 6 0 c±^ 
ra. iuia^^rrx^ 6 2. 6 2^ittH, ttfia^^r 

^§6 2, 6 2 <0±\cn. ^SI6 3. 6 3 
[0179] ^3S^©^ 3 ©Hlfe^Si©^ 

Ir, Rh, Ru. Os. Au. Ag, Cr s Ni. N 
e, Ar. Xe. K r <D 5 h<0'J>i£ < t 1 @£ *l»t 2 
50 @&±(D5c${?£:. Mnt$:^tf^^^f>^5 1 fe©'e$> 
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[0180] Il^S^tiS 2&tf*2©HJfc*tt 
J§5 4f*. Col, NiFe^-CoFe^l 
V^ftCoN i F e£4fefc£T?*ja£$*b-CV^„ # 
«&&*ffl/l5 3tt. Ru, Rh, I r x Cr. Re. C 

[0181] mi <D®fem&f§ 5 2 &&m&f§ 5 1 

£fc<fc<K ttflaK10B£8tttJi522:£StatttJp51 

Hft*it«fc. #«tt*Wji5 3«r*UT»l«i + «K2 
© B£flt{£j| 5 4 <0fl£ft tt s 1 <D®1tm&M 5 2<Z>m 
ftfcSspfrttffi (:7~y#&) -C@££tv5 0 
[0 18 2] ro7xy^i^^^otii)^tt, 

[0 1 8 3] lu&?MW£WM5 5fi. Cu£*f 

[0 18 4] lffSB«l©7y-«ttJi.§6tt. a 

1 Ofc^tfBl Uc^i"J:5K:. .2 3*fC*s 
9 x ^attWmJI 5 5 K&*r*<8!lKC oflg-5 
^XV^S. *{KttVU 5 5«t5<IJtCoK5 7 & 
#J*i-«©HU 111 KAMR$r*t <X£5fcfcX& ( 
9, K2lc#8£1£«SJi.s 5 £ <0£®&5$Jh-r$fc&X 
*><5o 

[0185] lu^C o 5 7 (0±JCfi s N i F e 
5 8##j£$feTI^3. Sfcfc, JuiaN i Fe£&]g5 

^6 0&&&tstix^z o «na«2©7y-«ttJi6 o 

fci, Coi, NiFe^ CoFe^l 
o N i F e£&fc£"0JMS$*,TV^5. 
[0186] Il©7y^i4§56i:l207 

y *-«ttji6 o £©raic*tti-5#«fi:<f»raji5 9f*. 

R u, Rh, I r . Cr s Re. C u <Q ? ^ lfl^-SV^* 
[0 18 7] «rffi»l©7y-«ttJi5 6<9&ft£*2 

©7y-«ttj§6 ooaft^tt. 8ufa*i y-a& 

§56 t»2 07y *-«tt8 6 0 i:©Wlt3S&i-5S5* 
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(RKKYMffffi) K<fcoT. Bl Ofc^tf 
B 1 1 5fc. £V>tS5pfr«l8 (7*y«tB) 

[0 18 8] 0 1 0*5<fctfBl l tc^i-^fv^/u^n 

JgJ? t F if*. 12©7y-ai4§6 t F 2 <fc D 

M56(DMs ■ tF ill, I2©7y -««Ji 6 0 (O 
Ms • t F 2*9 fe/>*<R3£*nr*s!l. /V7X§ 
10 6 23&>£>B^X l^iS^I^V 7W^X 
f>*t,3i:. Ms - tF 20^^V^l207y-fllttl6 

o<ofl£ft#. *r§^*r*«#©#»*art-c. B^x 

Ms - tF i6)<h$V*£10>7y~- €£i£J§5 6 (Dflfcft 
tt. B^X l^lRlKiiSx^ixSo 
[0 18 9] H*Y*H*»feWi##fiAU< S 

»e*i©7y-«tta5 6 fc«2©7y-«ttJi 
6 0«u, 7^ y tuia^es^ 

1^7y-H£l5 6(0iia«fth «2 0B£«f£8 
5 4 0BSIft («*.liB*Y*|Sa.fcS»*ftlC«ft$ 

[0190] /<>TT*Ji6 2. 6 2tt s tuf&&3& 

&&J15 l.fc^lttlC Pt, Pd, I r, Rh, Ru. 
O s , A u . A g . Cr, Ni s N e . A. r , Xe, K 
rO5*><0^^<i:t)lS*fctt:2^±O7C^i:. M 

30 2 . 6 311. Au r W, Cr, T a if XL X 9 Jgtf $ ft 

[0191] io^©x^y/wiiii^?^ 
&&m&m sun <o®fe&&m 5 2 , .#»tt* 

^2 0@^t@5 4, i£&tt3MSJi 5 5 , 
Hl©^y-ai48 5 6, ^I^fQl5 9, I2©7 
y-«E&Jl6 0, /^T^)|6 2«rJS0CttBUT«Ji# 
40 S:^bfc<Ot>. «rtB«[ji*Kb7y^«Tw*ftfcia: 
^-T5^lRl^fc5HlcD<K#$r^A0Uoo, 

me 2K****-tt«»«r3B^**r, iu^mio©^ 
MEttJiS 2 is J: »e* 2 07 y -«ttB 6 0 ©«ft*r 

**ttat»«r«HB^W r x§ 6 2 ©35»»*tt«# J: 9 

[oi9 2] ov^, h9y^«Tw*iRiicairE/wr 

50 5 1 ©S£*Jl*tt«ff J; ») t>/h* v^* 2 oa#S:R3^n U 
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[0193] $ t>{^ J»Aia$*Lfc«rEttJB*«r>f ^ 
5 y MBB'M T*J§6 2 

UT h7 y ^«Twfci£v*<I©|!!]»6 2 A 

it, tufa:? y-a&Ji 6 or*, tlTfias£ttttJi^GjS$ 

$16 0 A&Wttt ttlfciSSU 6 0 B^I' tTV^OT?, C 
0 BftXIICJ&tT hy y ?mTw&jEmz1k#> 

^tSSi-S*^^ 7y-«ttJi6 0«>*«6 0 B© 

*S*»*U«#fc#UT:7 y -wsji 6 0 O^^-^ 

[0 19 5] £fc, r©^trv^^S»K««5(f^K: 
fcv^Ti. £3ftft4£Jg5 l&J:**'^ r*J§6 2jP. P 
t . Pd, I r , Rh v Ru, Os. Au, Ag, C 
r. N U Ne, Ar, Xe. Kr©?*>©4>4< k i> 
■ l«*fctt2«»±fl!>5c*tMni:«r*tf^*»645 

^tt5^ t36S-e^5o S&fcSfcJ E»«tt*5 
Sv^oi*!), R»«ttJi5 llc*#42!S»Jl*tt« 
2*3j:i«R2©BJfettttJl5 4 0&fc$fa*&mK.mfe 

[ o i 9 6 ] * tzs ±fa©x trv-^^^sSfKak*^ 
©*ie#tfcK:*5i*Ttt, saffttJis 1*5 r* 

162 tC, Pt. P cU Rh, Ru, I r , Os.A 
u v Ag, Cr, N i *><OS>&< £ t> HtfcU2 

o«fls*-i^«:H*u, 2&g <om&m-?m2<D7 y -a 
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ttB6 0oaib^rifil«rtufa®l©@^iK^g5 2*sJ:oe 

5©-C. il^K«§5 2©ttfc*lftfc:MBWfc# 

6 0©aft^ffiJSrSl <D®fem&M5 23o& 
t^«2©HS«ttJi 5 4©*fc*Gi*3Hi1-$#fi|ctt 

[0 19 7] £9ftffi&B5 1. £l©@£ftttS 

10 5 2. ^tttt^nji 53, I 2 ©@£&&JI 54, « 
&1©:7 y -&&J15 6, #HSte*fig/§ 

5 9, I2(^)7y-Ml6 0, /<-f T*J§6 2^MS^ 

i: T*JB 6 2 £©IH£?MGSti,3<frJi0>&i5«: 

^iS^^y^lci; 9 ^ y-~V^UTj&>*>*<D±©/I 

r t #-C# So 

[0 19 8] * t>fc*£. 6ulfi'MT*J§6 2©-g&£ 
i*tt h^2/^«TwKl3fiV^«©|!flai6 '2 A«rJMS+ 
£t£t>t£. ^coD0^6 2 A©TKHB*?-SfiMB:7y*- 
30 Itt8 6 0JCh9y^*TwJC«S-r5«© h 7 if 

6 o A&^-r*©-?, mm'UTxme 2<omwztf 

0 Dlei'M T*Ji6 2^5: k&t£^1i:k>. v ? 

[0199] [t^aM#OfP»]*t, B8-H 

1 lt^i-*2©||«^lifeJ:iFJR3^JI**ifi©#3& 

#&&mnm 1 5 ©t«ic» 2 om&m&m 1 4 

$i^rv^5o r^iaoTH, ffilO@)g«1£JBl 
2&V«2'©@3£«ttJil 4©p*>. «^^->^b© 

[0 2 0 0] @8^tJ; 51-. itjE^2©©^a^B 
1 4©«55*-p«^bf4, ^l©@^a<4@l 2<om^ 
^ h^it-<T^t < . ttr&S2©S£flSttJe 1 4 
50 ©a^^^VMJ, mTFYfifabRttXfa 
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ft) Klfc^TV^. Z<Dlt*>1ftfomi 4>@£ttttB 1 2 

1 0 2 0 1 ] fiti^OJ:5J';- 1 5 H\ IS 2 

^S^ttttJi 1 4&TOl(D@£iKi4i 1 2©±{UK?£ 

>fiC>lct"C«n5-fe^**l 1 2KJ;oT7£f£$*LS 

lc9B£&&j§l 2 fcff2<Dg£*ttJIl 4i:(D*jtI 
-ft-*-*. 

[0 2 0 2] B8^n5l!:, SuiairV^Siil 1 2 

«M 1 5 J: *) hTmoMtn. B**6r (H^Y*i«a 
9, ^ affile J; ot. «1 ^ 

2 0g]IItt8 1 4Mt^t«$»»*«# (R KK 

v«5iff«) jpjms**,. mm%i<»mf£m&mi 20 

[0 2 0 3] tyx^lmAilt^ mSO 

(Oe) ga^*^**»B##*£U **i3fc*&& 
3&S&1 0lC@g±#t5:H^oTV>5o Steffi 
&j£#©lH]&&fi s 1 0 0 0 0 rpmil$^<4 

1 0 01C*"CJi*i-5« £©fc** #S;t[f. 
*10mA*U»^ Xtr^^fflilHJWSa*^© 
**fi*«\ JS!) 2 0() , Cp^t?±#U 
S«£fl£#V30 0 (Oe) £*£<fc5 0 Cio5J:p/jr, 

5rt*ST?f a^rica**— ^vh^p^iRii. -tt>-*^ 

2 o ftft km 2 O B£tt.ttB 1 4 Olft * ©RWTttfS 
3P«Hxa<*5. *v%8«fi«TT? J: 

1 1 . * ur««i-5iKfi3»fcs. znttib. 

[ 0 2 0 4] /£j3. B8£5M-ff 10>B£ftf£Al 2(0 
^ b &K2 0S£tti£S 1 4(0^-^ V 
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[0 2 0 5 ] *fc, 01 0&tfBl 1 tt.Vy-fltttJi 
##«tt*BJIS:frLT*l «)7y-Itt§i:l2©7 

^A^fflUMMttft**© * ? fc. ^a&igSJI 5 5 J: 9 
t>T$lfc&l<OB£«&J§5 2AC^«2(DB£ttttJi5 

10 4^^$ttfc«^(-feo*ttt:. ms ic^-t-* ev^/v 

\C X o T3* 5 r 3&S -C # 5 * ^ V O^lRl 

2©B*«ttJiraKlffffl-r«iE*tt^«# (RKKY1B 
20 HfEfl) it«*l©B««ttJi©«ft;t* 
2©B*«tt«©«ft©S 3 l £ fr«tli 

UT*5»K CttKlioT. m^S.^3&5 x ^^lCit-<X^ 
«K±»Ltt>, tt&^10B£tttt£©fl»fcJ:&2<D 

[0 2 0 7] *fc. S»e»**flsK:»|£:i-5fcie)K:-fev 

|y^-fe^^a^«#^. Ml <0B 
b%2 ©B*«ttJioraJc:« < 

9.^1 ©B£tttt8 fc*2 OB,£tttt|l<0 

S&t, Bl^i-Al©Hik©^fi©J:9l^. B 

c: b K X o X Jgjft * *l 5 ± > x co # 

fc. B3t«tti©»fl2*l«g «r-S**5 r 1 1 J: 9. 

[0 2 0 8] 
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h 7 y^^&tt^;ftfc$giS&^bTV^©-(\ ^©flf 

[0 2 0 9] ^w^^trwou^fflUHRatu* 
^f*. £3fcttttJB*s r*J|3P* Pt, Pd, R 

Ru, I r , OSx Au. Ag, Cr, Ni. N 
e. Ar. Xe; K r © b *>9>&1t < k t> 1 fc 2 
i^l©7c$tMn £ 5© 

5 0 SSBrt©«*fflJ^««l*©^:*^/l'»©* 

*BMI*&ftfc»^©W^ttasft#-e* &K8EflsfcJ: 
*2£*JI#tt*# ©*»*s>J>fc^«*L 

[0 2 10] ±&<Dxt m i"</i'7Mmm&%m* 
\c^xtt s mfc®fe&&Mkmu7})-m&%<D'j>% 

fi-grSftfcJiJf $ b-caft;©^* 5 ! 8 om*57i 

y m&KI&b Stilts k&<$WLk1rZ t>©£ ttt, * 
V> 0 d>fc< * t>B£«teB#*MaH£*W»fc>LT 2o 
K:^flr$tb^^^^/</u^^fea^ ; 5(l^i: b 

ttJi«rajE**|«3K:H^i-5««l«rftv\ B£flM£A<Z> 

£\ 4>#< £ t>7y-«ttj|3a5#«tt*raji«r*u-c2 

ofc#Bfr£*ix bfc»£\ 

2 $itfc7 y if 5torai:M^i 

[0211] **w«)^ifw^^sn»jg«a 
^©©it^&Tf*, K&»ttJi:i3j:tJ*/*>f r*Bfc. 

Pt, Pd s Rh, R u , I r . Os, A u, Ag, C 
r, Ni, Ne, A r , Kr, Xe©? ^©4>fc< £ t> 
1 *Il£*:fci2&£i±©;7G^£Mn t 

B©«fls#fl€:B£b v 2S@ioMi-e7y-ra 
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B©«<b*ft*SSfS+3#ifcWH*.3r k&~c%. B«t 
ttfc«*tfc x tf^/u^S*K««*^«r»5 £ k 3&5-C 

[0 2 12] ±E©Xf^/</u^Si*K«fi*^. 

sic* *^Ki*a%:8S^^^i>^y 'S^^iS^^y*™- ; 

J: 5 * y ^~^bTJ&>&*©±©Hfc*J«"t-<5#ff 

tt#A#*JHt*tfc*i-*:: t^-cta. Sfeic, aula 
#Ji©*ffi*:>f y ^^«*/<y*K:j; 5 ^ y- 

20 fc*M-*ss#»fc^ ^ y-^v^i-sr^^ies-t-s 

[ o 2 i 3 3 ±fa©x tr^/</^^li»R«S5*^ 
©fHt^tfeTfttU tMB'MT**©— ««r»*bT F7 
y ?ffi\£i5:^m<om&$:J&&1rZ> t k ttc. ^©pggiS© 

TKittB-rattfa^y-attJiK: 

«©b7y^««rJ^i*i-«©"C. r*A©flc* 
[0214] *fc, **W©*BEI»^y Ktt. 

yic±«a©^ifV/<^S[#R«j5*^«iL'c>^ 
«t>©tf*>5©"C^i9^tt*sJ:^WiiftttK:«*t. 

[@@ofi^^^^] 

[@ i ] *«M©JBi©*!fe^«"Cfc5^tr^^A'^ 
40 mm^mnm^^m^m^k(DMmmm^b^tcm^o 

[B 2 ] @ 1 bytx e^<^^S»K«**^-© 

[0 3] @i ic^ufc^tr^/u^anwsafi*^© 

^jg^^$r^i^i-5fc^©0TfooT. -^x^^r^^b 
[0 4] 01 IC^bfc^ trv^/u^ffl3»R«f5*^© 
50 j£bfc#&£^-f 8f®0-?$>5<> 



®0T$>s o 

I?&!ga^^£^rtf®0T-fcS o 
[0 9 ] B-8 fc^Ufc* f^/<^^l[JHS««*^«r 

[010] ^^iO|3(O^OTTj)5^^^ 
>^SI*K««*^ «r«-#-«ffi H *> a . 
[01 i] Hi OKi^bfcxtrv^^ffl*jK«** 

[0i2] &*co* tr^/^ysuHgan*^©-^ 

0TfcS o 

[013] w<^:/3!fM&«£*? ©*© 

[0 14] 01 3fc^Ufc^irv/^^fi»R«55* 

[0 15] 0i 3tc^u/ixe^/^^ii^a^^ 
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